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Emotion regulation and emotion processing deficits cut across the varying symptom 
presentations of schizophrenia. Emotion processing deficits are inadequately treated by 
pharmacologic interventions and are related to real-world functional impact and disability. This 
study investigated behavioral and psychophysiological responses to a series of emotion 
regulation tasks while concurrently collecting eye-tracking data as an index of visual attention.  
A brief neurocognitive assessment was also completed in order to examine potential cognitive 
determinants of emotion. Participants completed tasks designed to assess cognitive change and 
directed attention strategies for down-regulation of unpleasant and pleasant emotion. For each of 
our two unpleasant emotion tasks (Windows and Descriptors), participants were presented 
stimuli in three conditions: Unpleasantly described or focused unpleasant images, neutrally 
described or focused unpleasant images, and neutral images described neutrally. Twenty three 
participants (14 Controls; CN) completed study procedures. For the unpleasant tasks, participants 
with schizophrenia (SZ) reported increased unpleasantness relative to controls; however, 
psychophysiological indices were suggestive of attenuated emotional response, when significant. 
Executive functioning was associated with unpleasantness ratings and heart rate change for 
unpleasantly focused unpleasant stimuli in a directed attention task. Directed attention indices as 
evidenced by eye-tracking were non-contributory. The present data clarify findings from 
previous research on emotion in schizophrenia and suggest that there may be a miss-match 
between self-report and emotional experience in this population or a breakdown of peripheral 
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Schizophrenia is a debilitating psychological disorder whose treatment and disability 
cause significant personal distress, social impact, and financial burden (McEvoy, 2007, Zhang et 
al., 2018), with an estimated cost of approximately 23 billion dollars in between 2005-2008 in 
the U.S. alone; (Desai et al., 2013). While nosology has long focused on its constellation of 
positive symptoms, negative symptoms, and disorganization, emotional deficits remain a 
significant source of disability and may be a crucial target for future treatment development. 
Emotion difficulties have long been recognized as common symptoms since schizophrenia’s 
earliest modern diagnostic conceptualizations (Kraepelin, Barclay, & Robertson, 1919). 
Although emotion deficits hold prominence in the symptomatic profile of the disorder, barriers 
also intrinsic to schizophrenia have rendered interpretation of emotional symptoms in 
schizophrenia opaque and potentially misleading (see Kring & Moran, 2008; Trémeau, 2006).  
It is imperative that researchers continue to examine aspects of emotion processing in 
schizophrenia that may be susceptible to intervention, and which hold promise for improvements 
in functioning, e.g. emotion regulation. Emotion regulation deficits have a demonstrated link to 
social and vocational functioning (Brekke, Kay, Lee, & Green, 2005); and to functional 
independence (Brekke, Kay, Lee, & Green, 2005; Kee, Green, Mintz, & Brekke, 2003). 
Functional abilities and life skills in turn play a major role in real-life functioning in this 
population, indeed more-so than symptom domains alone (e.g. positive symptoms; Galderisi et 
al., 2018). Emotion regulation deficits exist irrespective of extraneous symptom factors (such as 
perceptual deficits) which may account for differences in responses to emotional stimuli (Hooker 
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& Park, 2002). Hence, emotion regulation deficits are unique constructs that have major real-
world impact on those with schizophrenia and may underscore important remediable factors in 
the illness. Hence, interventional strategies that focus on emotion regulation may hold unique 
promise. More research remains necessary at this time to characterize emotion regulation deficits 
in order to lay the groundwork for treatment. 
Some relevant research exists from other psychological disorders whose presentations are 
characterized by emotion regulation deficits, such as borderline personality disorder, in which 
the hallmark treatment focuses on emotional symptoms via regulation strategies. Indeed, 
therapeutic modalities have been developed which focus heavily on building skills for emotion 
management (e.g. Dialectical Behavioral Therapy: DBT; Linehan, 1987). Many DBT skills rely 
on deploying attention away from emotionally distressing internal or external experiences and 
research suggests that use of these skills play a major role in the treatment efficacy of DBT 
(Neacsisu, Rizivi, & Linehan, 2010). There may be reason to suspect that such directed attention 
studies may be helpful in schizophrenia. There is a research base suggesting that there are 
emotion regulation deficits present in schizophrenia and that attentional factors are important in 
this relationship (Horan et al., 2013; Strauss et al., 2013; 2015; Takahashi et al. 2004). However, 
such studies rely on self-report data to assess emotion regulation as it relates to visual attention. 
This may be problematic as concerns have been raised over the accuracy of self-reports in this 
population. Studies have not yet been conducted which draw direct comparisons between visual 
attention and more direct representations of emotional experience (e.g. psychophysiological 
responses) when those with schizophrenia complete emotion regulation tasks.  
Therefore, emotion regulation research which focuses on methods that can draw 
meaningful comparisons among attentional, cognitive, and affective variables may hold great 
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promise in building the foundation for new effective therapeutic interventions in schizophrenia. 
This dissertation aims to expand upon this currently-growing base of foundational knowledge by 
collecting data simultaneously across eye-tracking and psychophysiological methods. These data 
were compared to cognitive variables, which may for the first time in this field of research allow 
for direct analyses of the role of attentional factors in emotion regulation tasks already 
documented in the literature. Additionally, very little work has been done to examine the ability 
of persons with schizophrenia to regulate pleasant emotions in spite of this being an important 
social task. The present dissertation proposes a novel methodological design which will expand 
the literature by examining whether directed attention modulates emotional regulation measured 








The ability to regulate our emotional state is a necessary requisite for many social and 
professional tasks. As Gross (2015) points out, emotions are helpful, and there are situations 
where it is important to change the quality or intensity of an emotional response. This is often 
accomplished via some emotion regulation strategy, either consciously or without direct 
awareness or control. The need for regulation may occur when experiencing either pleasant or 
unpleasant emotion. For example, failing to suppress laughter when thoughts of a funny memory 
come to mind may be highly inappropriate at a funeral; and flying into a rage at an unhelpful 
customer service representative is unlikely to result in better service. 
In psychiatric conditions such as schizophrenia, deficits in emotional processing at many 
levels are commonly reported in the literature. Indeed, a thorough review and analysis of 110 
studies of emotion in schizophrenia by Trémeau (2006) found empirical support for deficits in 
emotion recognition, emotional experience, emotion expression, and emotional regulation in this 
population. These deficits have also been shown to predict work functioning and independent 
living (Brekke, Kay, Lee, & Green, 2005; Kee, Green, Mintz, & Brekke, 2003), as well as social 
functioning (Brekke, Kay, Lee, & Green, 2005). Emotion recognition is an important component 
of social cognition, which itself is a strong mediating factor in the relationship between cognition 
and functional outcome in schizophrenia (Schmidt, Mueller, & Roder, 2011). This suggests that 
emotional deficits such as emotion regulation may play part in the relationship between 
cognition and functional ability as well.  
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Although concern has been raised that more basic perceptual deficits drive this 
relationship (e.g. failure to identify lower-level visual or acoustic features of a stimulus may 
cause poorer recognition of emotionally salient aspects of a face, or of a vocal expression of joy 
irrespective of an emotion deficit), emotion processing accounts for social functioning in those 
with schizophrenia even when accounting for these factors (Hooker and Park, 2002). As such, 
emotion regulation remains an important cornerstone of research among those with 
schizophrenia, as understanding such processes in greater detail may lead to new treatment 
modalities. To date, the bulk of research on emotion regulation in schizophrenia has 
methodologically focused on single constructs as they relate to behavioral ratings, e.g. directed 
attention and its’ ensuing self-report response separately from electroencephalographic indices of 
emotional response paired with self-report (Strauss et al., 2015). This has largely been done for 
practical reasons, as multi-modal approaches are challenging for a myriad of reasons. 
The present work hopes to extend our understanding by collecting data across both 
psychophysiological and eye-tracking methodologies simultaneously. There is a well-established 
literature demonstrating that eye-tracking is a temporally specific (i.e. is accurate to within a 
short time-period) and empirically validated method of assessing visual attention (Duchowski, 
2007; Itti et al., 1998). Similarly, psychophysiological measures such as R to R interval (i.e. an 
accurate index of heart-rate measured by the time between R-waves on the QRST heart-rate 
wave-form on electrocardiogram), respiration, and electrodermal activity are commonly used to 
assess emotional responsivity (see Kreibig, 2010; Wallin 1981). Psychophysiological variables 
are chosen which reflect the autonomic nervous system response and are reliable indicators of 
the emotional response (see psychophysiological responses to emotional stimuli subheading for 
review), while eye-tracking methods were chosen because they are a reliable index of visual 
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attention (see visual attention section below for thorough review). Collecting these variables 
together will allow for examination of the role of visual attention (eye-tracking) in emotion 
regulation measured by indices of emotional experience that do not rely on self-report. In the 
following sections, background literature is reviewed to provide a basis for the research proposed 
in this prospectus: 1) Rating of emotional stimuli; 2) emotion regulation; 3) visual attention; and 
4) psychophysiological responses to emotional stimuli. A synthesis and hypotheses will be found 
in the Summary section.  
Rating of Emotional Stimuli 
The historical conception that self-reported emotional experience mirrors internal 
feelings does not appear to fully explain emotion processing abnormalities in schizophrenia. For 
example, in a recent review of anhedonia (originally conceptualized as a diminished response to 
pleasurable circumstances), Strauss and Gold (2012) suggest that an important distinction lies 
between emotion experience reports of “current feelings” and “noncurrent feelings” (p. 364).  
The distinction here is whether an individual is asked to report how they feel right now or in-the-
moment (current) or how they felt at some time other than now (noncurrent). To assess current 
feelings, participants might be asked to provide ratings of an emotionally provocative picture, 
rate the intensity of emotional words, or rate their feelings while completing a stressful task. 
Psychophysiological and functional neuroimaging procedures have also been used as indicators 
of current feelings (see Bradley, 2001; Phan et al., 2002). Probably the most common measure of 
noncurrent feelings are retrospective ratings of life events (Strauss & Gold 2012). The disparity 
produced by ratings of current and noncurrent feelings in schizophrenia was recently highlighted 
in a review that indicated current or in-the-moment reports of emotional experience are similar to 
controls for pleasant emotions, while non-current reports differ from controls and suggest 
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diminished or reduced positive experiences (Strauss & Gold, 2012). The reviews of Trémeau 
(2006) and Kring and Moran (2008) also noted that while in-the-moment experiences of 
unpleasant emotions are similar to or more intense than control comparisons, pleasant emotional 
experiences in the moment do not differ. These observations call into question a finding 
previously thought to be well-established in older research wherein persons with schizophrenia 
were thought to experience less current pleasure than healthy controls. Older studies suggesting 
decreased emotional experience largely relied on noncurrent retrospective reports of emotional 
experiences, whereas more recent studies that required patients to provide in-the-moment ratings 
of emotional stimuli find no appreciable difference between the ratings of those with 
schizophrenia and healthy controls. Strauss and Gold (2012) raise the question of whether this 
‘emotion paradox’ may be due in part to cognitive deficits in schizophrenia, which affect 
noncurrent retrospective self-reports. 
The disparity in findings from subjective reports for current and noncurrent emotional 
experiences raises an important methodological question, namely: What is the most accurate way 
to evaluate current emotional experience? Ratings of emotional stimuli have long been divided 
into two important parameters, arousal and valence (Osgood et al., 1957).  Valence refers to the 
positivity of a response, ranging from unpleasant to pleasant, and arousal refers to the intensity 
or degree of emotional response. Bradley and colleagues (2001) consider this dichotomy in terms 
of appetitive or defensive motivation, with positively valenced (i.e. pleasant) stimuli signaling 
the appetitive system and negatively valenced (i.e. unpleasant) stimuli the defensive system. 
Arousal refers to the amount of activation across these motivational channels (Bradley et al., 
2001). For individuals with schizophrenia, the conceptual model proposed by Bradley and 
colleagues has a number of appealing features including that it integrates the valance and arousal 
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aspects of emotional experience, draws a distinction between emotional response to positively 
and negatively-valenced emotional stimuli, and may provide some indication of neural systems 
underlying appetitive and defense motivation systems.  
As early as 1950, Bleuler noted valance-based processing abnormalities in schizophrenia, 
which he referred to as “affective ambivalence” or the experiencing of aspects of both pleasure 
and displeasure in simultaneity in response to a single stimulus. For example, when asked to rate 
a stimulus that pictures a violent robbery, using positive/pleasant and negative/unpleasant 
affective rating scales, controls typically rate the stimuli as moderately to highly unpleasant and 
not at all pleasant.  In contrast, individuals with schizophrenia may rate the stimuli as both 
moderately to highly unpleasant as well as mildly to moderately pleasant (Trémeau et al., 2009; 
Strauss et al., 2017). Trémeau and colleagues’ review of 110 studies (2009) shows strong 
empirical support that this ambivalence is indeed present in schizophrenia relative to controls, 
and that it exists across the positive-negative spectrum symptomatology within schizophrenia. 
Additionally, when presented with emotional stimuli that are typically considered neutral (e.g. 
lamps, tissue boxes, etc.), people with schizophrenia report less pleasant emotion than healthy 
controls, and more unpleasant emotion (Strauss et al., in 2017; Treméau et al., 2009), suggesting 
there is a lesser degree of what have been referred to “positivity offset” in schizophrenia than 
healthy controls. Positivity offset refers to the observation that neutral events are more often 
perceived as emotionally pleasant than unpleasant (see Treméau et al., 2009).  
These issues raise concern for validity of subjective ratings of emotional experience, as it 
is difficult to tease out whether such discrepancies arise from true affective ambivalence, lower 
positivity offset, failure to properly understand emotion rating parameters, biased reporting, or 
some other factor. Consider, for example, that a self-report of pleasant and unpleasant 
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emotionality may reflect affective ambivalence; however, in virtue of higher positivity and 
negativity ratings to the same stimulus, one may argue that this reflects difficulty on the part of 
patients in understanding tasks or rating procedures. Affective ambivalence may similarly reflect 
a response bias, a form of attempted socially-desirable responding, or any number of other things 
which represent differences between controls and people with schizophrenia that are not related 
to emotion per se. These concerns have led research to utilize alternative methods of measuring 
emotional experience that can be used alone or in combination with the more traditional self-
report measures.  Kring, Kerr, and Earnst (1999) provided an example of such an approach by 
measuring zygomatic and corrugator activity in schizophrenia and controls in response to 
emotional face stimuli. These facial muscle groups were chosen as they relate reliably to facial 
responses to emotional experience. Their results suggest that for both controls and schizophrenia, 
the pattern of electromyography (EMG) responses demonstrate facial responding to “emotional 
stimuli in a manner consistent with the valence of the stimuli (Kring, Kerr, & Earnst, 1999, p. 
190).” Interestingly, in spite of this similar pattern of facial response, people with schizophrenia 
were less accurate than controls in judging the presented emotion, suggesting that perhaps 
patients were perceiving the emotions accurately in spite of their inaccurate judgments. The 
degree of EMG responding in patients was also higher than that of controls, suggesting the 
potential for either greater intensity or reactivity.  
Considered together, these findings suggest that it will be helpful to gather information 
about both pleasant and unpleasant emotions separately for each stimulus in order to allow for 
assessment of affective ambivalence in schizophrenia. Additionally, information about the 
arousal level of stimuli will be important to gather as these may relate to psychophysiological 
responses (see below for review). To address limitations inherent to using subjective self-report 
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to assess emotional experience in schizophrenia, other more objective approaches should be 
considered (e.g., psychophysiological measures) for use alone or in combination with self-report 
methods. Using objective and subjective methods may have an added advantage of allowing for 
determination of where the methods converge and diverge, and for the latter provide guidance 
when considering findings of older studies that relied exclusively on the use of self-report 
measures to assess emotional experience in schizophrenia. The current study employs such an 
approach. 
Emotion Regulation 
Emotion regulation is the modulation of a specific affective state, i.e. an emotion. Gross, 
Sheppes, & Urry (2011) refine this definition of emotion regulation as “the activation of a goal to 
modify the emotion-generative process” (p.767) and provide the framework upon which much of 
the present work bases its assumptions. This framework is that there is an emotional state, and 
that as a function of some motivation or goal, the individual engages in an alteration of this 
emotional state (i.e. goal-directed behavior), either to alleviate distress caused by this emotional 
state or to comply with other demands. Demands may be external (e.g. social pressures or 
explicit instructions), or internal motivations by the individual.  
In terms of the strategies used for emotion regulation, Gross’ (2015) model posits that 
there are several time-points in the emotional response cascade at which we can employ any of a 
number of emotion-regulation strategies. Emotional responses can be modified by doing things 
before a likely emotion-provoking event (e.g. choosing to avoid a former significant other, 
termed situation selection). Strategies may also be employed during an emotion-provoking 
event, such as changing your cognitive appraisal of the situation (e.g. reframing one’s racing 
heart before a big speech as the body’s preparatory mechanism rather than a sign of anxiety, 
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termed cognitive change); engaging in attentional deployment by focusing on a neutral aspect of 
an unpleasant image, or distracting yourself by thinking about a recent trip to the Caribbean; or 
engaging in Situation Modification by actively changing an emotional situation. Finally, a person 
may engage in regulation after an emotional event, for example by having a drink to ease 
frustration after a long day at work, termed response modulation.  Henry and colleagues (2008) 
examined the frequency with which persons with schizophrenia and healthy controls employ two 
different types of emotion regulation strategies: Suppression (a form of response modulation) 
and reappraisal (a cognitive change strategy), and found similar frequencies of use between 
healthy controls and persons with schizophrenia. It is interesting to note that research 
demonstrates suppression is only as effective as no regulation strategy for down-regulation of 
unpleasant emotions (Gross, 1998; Gross 2015; Stepper & Strack, 1993), while cognitive change 
strategies require cognition, though are more effective (Gross, 1998). 
Given this framework, it’s not a far leap to conjecture that executive functioning (e.g. set-
shifting ability, cognitive control, or initiation of goal-directed behavior) should relate to emotion 
regulation. Indeed, as authors such as Zelazo, Cunningham, and Gross (2007); and Ochsner and 
Gross (2005) outline, empirical research demonstrates that this is so. Based on this and similar 
work, Teper, Segal, and Inzlicht (2013) hypothesized that mindfulness interventions affect 
emotion regulation ability via executive control (defined as set-shifting, inhibition, and 
information updating and monitoring) via awareness and acceptance. Hence, the literature 
suggests that executive functioning underlies the ability to regulate emotion and that if 
improvements are made in executive functioning via an intervention, improvements should also 
be seen in emotion regulation ability. Conversely, if such improvements cannot be made (e.g. if 
executive difficulties are related to an underlying neurologic process), such may serve as 
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contraindication to the use of such treatments. Cognitive deficits, specifically executive 
functioning deficits, are thought to relate to emotion regulation ability.  
Considering negative-emotion down-regulation from a neuroanatomical perspective, 
Ochsner, Bunge, Gross, and Gabrieli (2002)’s highly impactful paper points out that effective 
cognitive re-appraisal of unpleasant emotions was correlated with increased activation of 
prefrontal regions (lateral and medial prefrontal cortices), and decreased activation of the 
amygdala on fMRI. Takahashi and colleagues (2004) found similar differences between persons 
with schizophrenia and healthy controls in a passive unpleasant-image viewing task. 
Specifically, controls showed increased activation in a neural circuit including the amygdala, 
hippocampus, prefrontal cortex, basal ganglia, cerebellum, midbrain, and visual cortex when 
viewing unpleasant images. Persons with schizophrenia, comparatively, showed reduced 
activation across the right amygdala, hippocampal region, medial prefrontal cortex, thalamus, 
basal ganglia, cerebellum, visual cortex, and midbrain, in spite of similar unpleasantness ratings 
for these images. Indeed, there is evidence that those with schizophrenia are less efficient in 
recruitment of and show less maintenance in their neural networks during an emotion regulation 
task requiring a cognitive change strategy (Zhang et al., 2019).  
Neurophysiological research into emotion regulation demonstrated that persons with 
schizophrenia show deficits in downregulation of unpleasant emotions. Strauss et al. (2013) 
examined the neural response of persons with schizophrenia and healthy controls using an event-
related potential (ERP) paradigm with electroencephalography. Specifically, the late positive 
potential waveform was examined as an index of emotion regulation. When shown unpleasant 
images preceded by either a neutral or negative auditory descriptor, control participants had 
reduced late positive potential when images were described neutrally relative to those images 
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described negatively. Persons with schizophrenia did not show a change in late positive potential 
amplitude between these conditions. Interestingly, although these differences were seen on 
neurophysiological measures, behavioral ratings of the images did not significantly differ for 
either the negatively described unpleasant images or the neutrally described unpleasant images, 
although persons with schizophrenia rated neutral images described neutrally as being more 
unpleasant than healthy controls. 
In summary, emotion regulation is an important process in our day-to-day lives. It is 
well-characterized in terms of its neuroanatomical underpinnings and relies on executive 
functioning abilities. Research suggests that persons with schizophrenia who have been shown to 
have deficits in emotional experience additionally have deficits in down-regulation of unpleasant 
emotions. This observation is made in the context of some evidence which suggests persons with 
schizophrenia use similar amounts of suppression-based and reappraisal-based strategies on a 
day-to-day basis to healthy controls (Henry et al., 2008) and that cognitive reappraisal strategies 
are less effective in schizophrenia than healthy controls as evidenced by neurophysiological data 
(Horan et al., 2013; Strauss et al., 2013), in spite of some behavioral evidence for their ability to 
engage in re-appraisal; however, this was seen without effective modulation of physiologic 
correlates of emotion (Painter et al., 2018). This may correlate with observed difficulties among 
those with schizophrenia in reducing negative affect through guided coping strategies (Mote & 
Kring, 2019). Persons with schizophrenia, who often exhibit cognitive deficits, are thus likely to 
evince emotion regulation abnormalities as shown on psychophysiological measures using 
similar methods to Horan and colleagues and Strauss and colleagues’ studies. Finally, the above 
overview should strike the reader as lacking in results that investigate the ability of persons with 
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schizophrenia to down-regulate pleasant emotions. This paucity reflects the literature and as such 
this prospectus will examine a task aimed at elucidating this relationship. 
Visual Attention 
A long literature has studied visual attention via eye-tracking, both in the healthy 
population and in persons with schizophrenia (see Duchowski’s 2007 book for a thorough 
treatment of these methods). In Duchowski’s (2002) review, it is noted that attentional 
neuroscience has long focused on eye-tracking methods to glean information about out 
attentional system, as it represents a quantifiable means of assessing attention to stimuli. In spite 
of concern that this visual deployment of the foveal region may not have a 1:1 relationship with 
attended-to regions of a stimulus (i.e. that parafoveal areas may be those which are actually 
attended to), its use remains among the most valuable means of assessing visual attention. It is 
thought on the basis of primate research that prefrontal cortical regions, frontal eye fields, and 
lateral intraparietal cortex via connections to the superior colliculus are involved in directing and 
shifting our attention (Asaad, Rainer, & Miller, 2000; Chen et al., 2016; Gaymard et al., 2003). 
Human functional neuroimaging research with concomitant eye-tracking (Özyurt, DeSouza, 
West, Rutschmann, & Greenlee, 2001) on attentional measures has shown increased activation in 
a wide range of neuroanatomic regions: the striate and extrastriate, frontal eye fields, 
supplementary motor area, parietal cortex and angular gyrus, frontal operculum, and right 
prefrontal area. A synthesis of this body of research (Moore & Zirnsak, 2017) suggests that the 
parietal or frontal cortices may be important for computation of local features and building 
salience maps, while there may be additional contributions to the processing of salience (i.e. 
those aspects most grabbing of attention) from the feature-selective cortex and superior 
colliculus. This complex neural circuitry employing broad networks across the brain may be 
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susceptible to bringing about eye-tracking deficits in conditions where neural changes are 
evident, e.g. schizophrenia. 
Although research is clear that persons with schizophrenia show emotion-regulation 
deficits, they also show deficits in visual attention when performing basic attentional tasks 
(Fuller et al., 2006; Gur et al., 2007; Sweeney et al., 1998) and emotion regulation tasks (Strauss 
et al., 2015). Gur and colleagues (2007) provided fMRI evidence that people with schizophrenia 
had abnormal neural activation to attentional demands, and had greater activation in brain 
regions when processing distractor stimuli when compared to controls; suggesting difficulties 
with attending to targets and over-attention to distractors. Strauss and colleagues (2015) 
presented unpleasant and neutral images to persons with schizophrenia. Unpleasant images were 
presented with either a highly arousing focus of the unpleasant image or a less arousing aspect of 
the unpleasant image. In a separate task, ERP data were acquired for these same stimuli. 
Participants with schizophrenia were less able to exert control over their visual attention system 
when viewing unpleasant images, as demonstrated by their increased attention to arousing 
aspects of unpleasant images when directed to attend to the less arousing focus. This finding is 
consistent with previous research demonstrating poorer performance on antisaccade tasks in 
schizophrenia relative to controls (e.g. Sereno & Holzman, 1995). Electroencephalography data 
examining the late posterior positive waveform in these same individuals (a waveform indicative 
of the emotional response to visual stimuli) showed that persons with schizophrenia had similar 
emotional responses to unpleasant images with an arousing and non-arousing focus, while 
healthy controls had reduced late posterior positive amplitude when viewing unpleasant images 
with a less arousing focus.  This suggests that persons with schizophrenia have difficulties 
exerting effortful control over their visual attention system in order to regulate their response to 
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evocative stimuli, and that this may predict neurophysiological response. Unfortunately, since 
data was not collected on electroencephalography and eye-tracking concurrently, a more direct 
inference cannot be made regarding this relationship.  
While these differences in visual attention have been shown in schizophrenia, research is 
lacking on how visual attention relates to measures of emotional response that do not rely on 
self-report, e.g. psychophysiological data. This can be inferred from studies like that of Strauss 
and colleagues (2015) discussed above, however, the present work should allow us to make more 
direct comparisons between visual attention and the hypothesized ensuing emotional response. 
Additionally, we may learn a great deal about whether persons with schizophrenia employ their 
attention to emotionally evocative aspects of pleasant images when guided to down-regulate their 
emotional response.  
Psychophysiological responses to emotional stimuli.  
When emotional responses are investigated using these behavioral ratings in conjunction 
with psychophysiological measures, Bradley’s (2001) model of appetitive and defensive 
motivational responses is reflected by physiological data. Arousal ratings for both pleasant and 
unpleasant International Affective Picture System (IAPS; Lang, Bradley, & Cuthbert, 1999) 
images related to skin conductance, such that higher conductance occurred for more arousing 
images irrespective of valence. For pleasant images averaged across participants, heart-rate 
shows an initial decrease until a latency of ~2s, after which there is a slower steady decrease 
until its nadir at ~5s and subsequent return to baseline. For unpleasant images, there is a more 
pronounced initial reduction in heart-rate reaching its low-point at ~2.5s, and beginning to return 
to baseline at ~4.5s. Neutral images were associated with a minimal reduction in heart rate, 
reaching its low-point at ~2.5s, and returning to baseline ~5s after stimulus onset. This initial and 
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more stark reduction in heart-rate for unpleasant images is thought to correspond to a preparatory 
phase for the fight-or-flight response. R-R interval (i.e. the distance between the “R” wave-forms 
on electrocardiogram) is an accurate method of dynamically measuring changes in heart rate 
(Sztajzel, 2004) and serves as an objective metric for the assessment of such changes. Bradley’s 
(2001) conceptualization is judged to be the best basis as this model is derived from responses to 
the same stimulus set used in the present experiments.  
Skin Conductance, also referred to as electrodermal activity (EDA) or galvanic skin 
resistance measured in terms of the number, amplitude, or magnitude of skin conductance 
responses (SCRs), thought of as an index of arousal (Bradley, 2001; Hempel et al., 2007; Kring 
& Moran, 2008), and is commonly used in psychophysiological studies of emotional stimuli. For 
schizophrenia, increases in skin conductance have been found to be greater than for controls 
when viewing fearful faces (Williams et al., 2004); a mixture of fearful, disgusted, and angry 
faces (Williams et al., 2007); and emotional films (Kring & Neale, 1996). Other studies, 
however, have shown the opposite with controls having greater skin conductance response to 
emotional pictures (Taylor, Liberzon, Decker, & Koeppe, 2002); however, 7 of the 14 patients in 
this study were taking clozapine: A medication with strong anticholinergic properties relative to 
other antipsychotic medications (Chengappa et al., 2000; Zahn & Pickar, 1993) that has been 
shown to blunt the Electrodermal Activity (EDA) response in placebo-controlled experimental 
investigations (Zahn & Pickar, 1993). In spite of the discrepancy seen in the impact of emotional 
stimuli without a regulation component, evidence suggests that emotion regulation tasks impact 
skin conductance for controls (Gross, 1998) for emotion regulation tasks; however, to date the 
literature is lacking in studies that use electrodermal activity as an index for emotion regulation 
in schizophrenia vs. healthy controls.  
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 Respiratory sinus arrhythmia (RSA) is an index of cardiac vagal tone that is calculated by 
accounting for the natural variations in heart rate associated with respiration in order to assess 
variations in heart-rate associated with cardiac vagal tone at rest. RSA is most commonly 
conceptualized as an indicator of the parasympathetic nervous system response (See Kreiberg 
2010 for a review), and has a prominent place in the emotion regulation field. Butler, Wilhelm, 
and Gross (2006) found that for healthy female controls, resting RSA was higher for those 
women who experienced and expressed more unpleasant emotion, while greater RSA elevation 
over time was related to emotion-regulation or emotion suppression attempts. Frazier, Strauss, 
and Steinhauer (2004) found that in healthy young adults, RSA had an inverse relationship with 
skin conductance and suggest it may be a useful component in assessing arousal. For persons 
with schizophrenia, similar methods of assessing vagal tone suggest that patients have lower 
tonic vagal response which may relate to poorer inhibitory control (Peupelmann et al., 2009). 
Akin to the work on electrodermal activity, however, there is less published literature assessing 
RSA as a component of emotion regulation in schizophrenia. 
 Heart rate variability, skin conductance, and RSA offer well-validated approaches to 
assessing sympathetic and parasympathetic nervous system response, and will serve as important 
markers for emotional experience. Due to the observations that anticholinergic medications may 
blunt the intensity of skin conductance responses, the number of such responses rather than their 
magnitude is likely to be a better indicator of emotional response in schizophrenia as many 
medications have some anticholinergic effects and this is pragmatically impossible to wholly 
mitigate in a medicated population. While behavioral items are helpful in gathering information 
about emotional experiences, they are more subject to reporting bias, lack of understanding, and 
incorrect responding. Objective measures (i.e. psychophysiological indices), less subject to top-
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down cognitive control, offer reliable and valid means of assessing emotion regulation and when 
paired with concomitant eye-tracking data will serve as powerful outcome variables to elucidate 
the relationship between cognition, visual attention, and emotion regulation in persons with 
schizophrenia.  
Summary 
Many important questions are raised by this overview, and it is the hope of the present 
work to address a select few important areas. First, what is the nature of the relationship between 
directed attention and autonomic indices of emotional response? How do cognitive deficits 
observed in schizophrenia relate to directed attention and ensuing emotional responses, during 
emotion regulation tasks? Will the emotion-regulation deficits and neurophysiological changes 
seen in these paradigms translate into sympathetic nervous system response in this paradigm? 
How will sympathetic nervous system response to unpleasant stimuli relate to subjective ratings 
of emotional experiences in patients vs. controls? Although pleasant emotions in the moment are 
similar between controls and persons with schizophrenia, how do their pleasant emotion down-
regulation abilities compare, and if they differ do cognition and visual attention predict effective 
down-regulation in the same way as for unpleasant emotions? 
Based on review of the literature, the following hypotheses were made: 
1) It is hypothesized that individuals with schizophrenia will a) demonstrate significantly 
increased self-reported and psychophysiological responses to unpleasant stimuli b) but not to 
pleasant stimuli, which is consistent with emotion regulation abnormalities reported for 
individuals with schizophrenia, and c) that their pattern of responses will differ across emotion 
regulation conditions. In order to test this hypothesis, the schizophrenia and control group will be 
compared on their behavioral ratings and physiological responses to pictures presenting pleasant 
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and unpleasant images across conditions that serve to either present them congruently with their 
emotional content or to down-regulate their intensity. While it is hypothesized that for ratings of 
pleasant emotions, behavioral ratings among those with schizophrenia will be similar to those of 
controls there is less evidence for psychophysiological responses to pleasant stimuli. As such 
similar psychophysiological responses relative to controls may be expected though no strong 
hypothesis is made regarding psychophysiological responses to pleasant stimuli.  
2) It is also hypothesized that decrements in directed visual attention will be associated 
with emotion regulation abnormalities for unpleasant emotions. In order to test this hypothesis, 
covariance procedures will be used to covary out the effects of directed visual attention on 
emotion regulation as measured by behavioral and psychophysiological indices of emotion.  It is 
anticipated that covarying out directed visual attention will significantly lessen between-group 
differences in emotion regulation, which suggests that visual attention is at least in part 
responsible for emotion regulation abnormalities. 
3) Finally, it is hypothesized that cognition will be associated with emotion regulation, 
with executive functioning variables serving as the strongest predictors of emotion regulation for 
a task where directed visual attention is employed as an emotion regulation strategy. It is 
anticipated that covarying out measures of cognition will significantly lessen between-group 
differences in emotion regulation, which suggests that cognition is at least in part responsible for 
emotion regulation abnormalities. Examining the strength of the relationships between covariates 
and ensuing emotional responses will determine which, if any, cognitive domains are important 







 Twenty-seven individuals (16 CN and 11 SZ) were consented into the study. Of these, 
two (2) SZ participants were excluded, both due to current substance use disorder; and two (2) 
CN were excluded, both due to history of traumatic brain injury not disclosed during screening 
(one with gunshot wound to the head, one with blast-related injury and subsequent > 1 month 
coma). Data were analyzed for a total of 23 individuals who met inclusion criteria. One 
participant’s psychophysiological data for the Descriptors task and one participant’s data for the 
WCST were lost due to a saving error. Of the 23 individuals included in analyses, three (2 SZ) 
could not be acceptably calibrated on the eye tracker and as such their eye-tracking data were not 
collected, yielding a total of 20 individuals with viable eye-tracking data.  
A final sample size of 20 was chosen a priori based on power analysis using GPower 
(Faul et al., 2009), drawing from germane previously-published research with the requirement 
that all studies used for estimations used static stimuli from this same evidence-based stimulus 
set (IAPS images), or these same tasks in this same population, where available. As a repeated-
measures design with within-and-between subjects and an interaction was planned to investigate 
emotional judgments and physiological and eye-tracking indices, this model was used to estimate 
power. In a well-cited study of emotion experience using images from the IAPS (Lang et al., 
1993), correlations between arousal and EDA were 0.81, while correlations between valence and 
heart rate change were 0.76. was used in order to produce sample size requirements a priori from 
these data for a mixed model repeated measures design on three levels with one between-subjects 
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factor and one within-subjects factor, allowing for an interaction effect, and with alpha set to .05. 
Per the recommendation of Cohen and colleagues (2003), squared Pearson correlations were 
used as estimates of eta squared to derive effect sizes for ANOVA. The total number of 
participants required in order to achieve adequate power for EDA analyses was determined to be 
8; for HRV analyses, this was determined to be 10. One previous eye-tracking study used the 
measure upon which our primary eye tracking analysis was to be based (the windows task; 
Strauss et al., 2015) in schizophrenia. The partial η2 effect size representing the between-group 
difference between controls and those with schizophrenia in the proportion of fixations outside 
of the non-arousing focus was 0.128 (given F(1, 50) = 7.36). It was estimated by GPower that 
the total sample size required given the above parameters was 20 for repeated measures ANOVA 
and within-between interaction on two groups with three measurements. Given that eye-tracking 
analyses required the greatest number of individuals, a minimum of 20 participants with eye 
tracking data was determined given these analyses. 
Inclusion and Exclusion Criteria 
Individuals were included into the study if they were healthy controls or individuals with 
DSM-5 diagnosis of schizophrenia or schizoaffective disorder that were between the ages of 18-
65.  Individuals were excluded from this study if they met any of the following criteria: 1) Non-
corrected hearing or vision impairment including color-blindness; 2) English as a non-primary 
language (i.e. English not spoken in the home since infancy); 3) history of neurological or 
neurodevelopmental condition that may affect performance on cognitive testing (e.g., traumatic 
brain injury, stroke, dementia, seizure disorder, autism, pervasive developmental disorder, etc.); 
4) substance use disorder within the last six months; 5) current DSM-5 mood disorder; 6) use of 
a medication that may significantly impact cognitive test performance except when used to treat 
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schizophrenia; 6) history of electroconvulsive therapy, psychosurgery, or implantable cardiac 
device due to potential impact on R-R interval; 7) if their symptom severity was too great to 
allow for participation in the study; 8) if they have had an antipsychotic medication change 
within the last 30 days; or 9) were taking clozapine due to its strong anticholinergic effects and 
documented impact on EDA and Heart-rate variability (Chengappa et al., 2000; Eschweiler et al., 
2002 Zahn et al., 1993). In addition to these criteria, control participants were also excluded if 
they: 1) had a diagnosis of any psychotic disorder; 2) had a family history of psychotic disorder 
in a first degree relative; or 3) had a history of attention-deficit hyperactivity disorder or learning 
disorder. Two otherwise-eligible participants with schizophrenia who had a medication change 
within the 30-day period were deferred from enrollment in the study and later could not be 
reached to for rescheduling after achieving their 30-day period of medication stability. One 
potential participant declined to complete study procedures during informed consent, and as such 
no data are available for this individual.  
Measures 
Participants in this study completed a number of clinical, neurocognitive, and 
computerized tests and measurements. Detailed descriptions of the tests administered are 
provided in the following sections: 1) Symptom Ratings, 2) Psychodiagnostic Measure, 3) 
Neurocognitive Tests, and 4) Emotion Regulation Tasks. 
Symptom ratings. 
Symptoms were assessed via standardized instruments which have been demonstrated to 
be valid and reliable in schizophrenia. The Schedule for the Assessment of Positive Symptoms 
(SAPS; Andreason, 1984) is well validated and widely used for assessment of positive symptoms 
of schizophrenia and provides severity ratings for four general symptom domains that include 
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hallucinations, delusions, bizarre behavior, and positive formal thought disorder. The Schedule 
for the Assessment of Negative Symptoms (SANS; Andreason, 1989) is the companion measure 
to the SAPS allowing for assessment of five negative symptom domains that include affective 
flattening, alogia, avolition, anhedonia-asociality, and attention. The Brief Negative Symptoms 
Scale (BNSS; Kirpatrick et al., 2011) is a widely used and well-validated scale for the 
assessment of six domains of negative symptoms that include anhedonia, distress, asociality, 
avolition, blunted affect, and alogia. The use of the BNSS in addition to the SANS has the added 
benefit of more thoroughly assessing negative symptoms according to a different factor structure 
that may yield important information pertinent to emotion in schizophrneia (it breaks down 
anhedonia from asociality).  The Hamilton Depression Rating Scale (HAM-D; Hamilton, 1960) 
is a well-validated and widely used 21-item scale for the characterization of depression. The 
Young Mania Rating Scale (YMRS; Young et al., 1078) is a well-validated and widely used 
scale for the assessment of mania, initially validated for use with inpatient populations. As noted 
above and as with SCID interviewers, all raters of psychiatric symptoms were trained in the 
reliable and valid administration of these measures.  
Psychodiagnostic measure. 
The psychodiagnostic interview was conducted using the paper version of the Structured 
Clinical Interview for the DSM-IV, Research Version (SCID) modified to include DSM-5 
diagnostic criteria. The SCID is an empirically-validated tool for the valid and reliable 
assessment of persons entering psychiatric research studies. It assesses symptom domains that 
were coded under Axis 1 of the DSM-IV-TR through the use of a series of screening questions, 
followed by an in-depth domain-by-domain interview. It guides the interviewer through 
diagnostic categories by assessing for individual symptoms. If an insufficient number of 
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symptoms are met to make a diagnosis within the appropriate time-frame the interviewer is 
routed to the next diagnostic category and so-forth. Throughout the SCID, when decisions about 
diagnoses are rendered, the interviewer is also required to refer to other sections that are ruled-
out by the presence of one diagnosis (e.g. dysthymia in the context of a history of a manic 
episode). In this manner, and through the use of high-sensitivity screening questions, 
unnecessary or redundant domains and symptoms are not addressed in the interview. All SCID 
interviewers for this study completed a rigorous training course in the administration of the SCID 
that included a series of 8 hours of video lecture, an item-by-item overview of the SCID, a series 
of video-taped SCID interviews during which trainees are assessed for consensus with the 
authors of the SCID, a series of written clinical vignettes to establish a SCID diagnosis, and an 
in-person mock SCID interviews with someone who has passed this training regimen.  
Neurocognitive tests. 
Participants completed five subtests of the Wechsler Adult Intelligence Scale – Third 
Edition (WAIS-III) in order to estimate current and premorbid Full-Scale IQ (FSIQ). These five 
subtests were chosen as they are an empirically-validated approach to estimating FSIQ in 
persons with schizophrenia (Ringe et al., 2002). These five subtests also serve as important 
markers for individual cognitive domains including processing speed (Coding), working memory 
and attention (Digit Span), visuospatial constructional ability (Block Design), abstract reasoning 
with nonverbal information (Matrix Reasoning), and general fund of linguistic knowledge 
(Vocabulary). The Wisconsin Card-sorting Test-Computerized Version (WCST) is traditionally 
conceptualized as a measure of executive functioning, problem solving, mental tracking, and 
reinforcement learning. The computerized version automatically scores the test and produces a 
printout of raw and scaled scores as well as item-level responses. The Trail-making test (TMT 
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A/B) is divided into two parts, the first of which, Trails A, is often conceptualized as a visual 
scanning and processing speed task. The second part, Trails B, requires the executive component 
of set-shifting ability with a working memory component.  
Emotion regulation tasks. 
 Participants completed a series of three tasks programmed in e-prime designed to assess 
visually-directed re-appraisal and antecedent-based cognitive change strategies for unpleasant 
stimuli (Windows and Descriptor tasks, respectively), and an antecedent-based cognitive change 
strategy for pleasant stimuli (Pleasant Descriptors task). The Windows and Descriptors tasks 
were always administered before the Pleasant Descriptors task, with their order counterbalanced 
across participants.  
The Descriptors, Windows, and Pleasant Descriptors tasks consist of instructions, a 
practice trial, and a single block of IAPS images. In the Unpleasant Descriptors and Pleasant 
Descriptors tasks, participants were provided with a fixation screen with centered cross during 
which an auditory description (3-6s in length) of the image to follow was played. One second 
after the conclusion of the descriptor, the described image appeared on the screen for 6s. The 
auditory descriptor served to describe neutral images (Neu-Neu condition). For the Unpleasant 
Descriptors task, descriptors served to more negatively describe unpleasant images (Neg-Unp), 
or less negatively describe unpleasant images (Neu-Unp). For the Pleasant Descriptors task, 
descriptors served to more negatively describe a pleasant image (Neu-Pleas), pleasantly describe 
a pleasant image (Pos-Pleas), or simply describe a neutral image “Neu-Neu.” After this image 
was displayed, participants were instructed to rate the unpleasantness, pleasantness, and arousal 
of the image on a 1-5 scale with anchors at not at all (1) and extremely (5), displayed along with 
the standard IAPS Self-Assessment Manikin (SAM). This procedure repeated in random order 
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for a series of 75 images (25 Neg-Unp, 25 Neu-Unp, 25 Neu-Neu) for the Unpleasant 
Descriptors task and 45 images for the Pleasant Descriptors task (15 Pos-Pleas, 15 Neu-Pleasant, 
15 Neu-Neu). The smaller number of stimuli in the Pleasant Descriptors task reflects the 
relatively fewer high-valence (i.e. pleasant), high-arousal IAPS images that do not contain erotic 
content. Non-erotic stimuli were chosen in order to control for other emotions commonly 
identified when viewing erotica in experimental situations, such as embarrassment or shame, 
which lead to different psychophysiological outcomes (Kreibig 2010). A task diagram of the 
descriptors tasks may be found in Figure 1, below.   
 
 
Figure 1. Descriptors task diagram
 
Note: Ratings include how unpleasant, how pleasant, and how arousing. Task instructions 
describe how participants are to make these ratings.  
 
 
For the Windows task (based on the works of Dunning & Hajcak, 2009 and Urry, 2010), 
a fixation cross appeared at the center of the screen for 1s. After fixation, participants viewed an 
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image that was altered in such a way that most of the image was digitally covered by a semi-
opaque layer with the exception of a clear 300x300 pixel square. The portion of the image under 
the semi-opaque layer remained visible to the participant. On half of the images, the clear square 
was placed over an emotionally salient portion of the IAPS image. On the other half, the clear 
square was over an area that was judged to be a less emotionally salient aspect of the image. 
Images layered with opacity were presented for a duration of three seconds, after which the 
entire image was presented without opacity. After image offset, participants were asked to 
provide valence and arousal ratings in the same manner as the Descriptors task. This occurred for 
a total of 60 stimulus presentations equally balanced across Neg-Unp, Neu-Unp, and Neu-Neu 






Figure 2. Windows task diagram.  
 
 
Note: Ratings included “how unpleasant,” “how pleasant,” and “how arousing.” Task 
instructions described how participants were to make these ratings.  
Procedures 
Prior to completing any study procedures, participants provided written informed 
consent. All procedures were approved by the UNLV IRB prior to initiating the study and all 
team members were included on the IRB. All study procedures were completed at the 
Neuropsychology Research Program (NRP) lab at the University of Nevada, Las in a private, 
quiet room. All study procedures were performed by the primary author or graduate and 
undergraduate research assistants who had been extensively trained to complete study procedures 
in a reliable and valid manner. All procedures requiring clinical judgement (intake screening, 
symptom ratings, diagnostic interviewing) were complete by a graduate student with a Master’s 
degree in clinical psychology. For ease of reference, study procedures are divided into the 
following sub-sections: 1) Recruitment Procedures, 2) Intake Screening, 3) General Study 
Procedures, 4) Clinical Evaluation, 5) Neurocognitive and Computerized Tests, 6) Eye-Tracking 
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Methods: Setup and Tracking, 7) Eye-tracking area of interest selection, and 8) 
Psychophysiology Data Collection/ Analysis Procedures.  
Recruitment procedures. 
 Control and schizophrenia participants were recruited through flyer postings throughout 
the Las Vegas/ Henderson metropolitan area with a focus on bus stops, libraries, and community 
centers, since these areas were most likely to attract control participants who were 
socioeconomically similar to those with schizophrenia. Participants were also recruited through 
postings in online media sources (e.g. craigslist, facebook marketplace). Participants were further 
recruited by calling previous research participants who signed consent-to-contact forms as a part 
of other studies, and by speaking with those who called after previous participation inquiring 
about additional research opportunities. Those with schizophrenia were also referred by local 
psychiatric treatment centers. All methods of recruitment included an e-mail contact and phone 
number for the Neuropsychology Research Program laboratory in order for participants to find 
out more about the study. Potential study participants were able to leave a confidential voicemail 
on a secure phone that could only be accessed by project personnel, or to email to schedule an 
intake screening appointment.  
Intake screening. 
 All potential participants underwent a standardized interview screening procedure in 
order to assure that those inducted into the study fit within our inclusionary/ exclusionary 
criteria. Most of these screening interviews were conducted over the phone. During intake 
screening, participants provided verbal consent after being informed of screening procedures 
before any information was collected. This procedure was similar to other standardized screening 
procedures used by our lab to identify exclusionary criteria, and commensurate with recent 
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studies lasted approximately 20 minutes. Screening questions involved those directly related to 
exclusionary criteria as well as other questions important to characterize potential entrants into 
our sample. The screening measure included basic demographic information, basic medical and 
psychiatric information, basic family history, and a brief psychological screener. Based on 
information gathered in the screening interview, participants who did not meet inclusion and 
exclusionary criteria were not considered for participation in the study.   
General study procedures. 
All participants who completed the study were administered a battery of tests that are 
detailed in Table 1.  The battery of tests used for this study took an average of 6 1/2 hours not 
including breaks. Total participation time was occasionally longer due to breaks or re-
scheduling, or shorter depending on participant histories and backgrounds (due primarily to 
SCID administration time differences). Total task duration was a minimum of 5 hours and a 
maximum of 7 hours in total. This was consistent with a-priori estimates of experiment duration. 
All participants were compensated at a rate of $5 per half hour for their participation in the study. 
Participants were not compensated during their lunch break, although were compensated during 






Table 1. Approximate individual and total task times 
Task Time (minutes) 
Informed consent 10 
Demographics 15 
SCID 120 
Clinical interview 30 
Neurocognitive battery 120 
Psychophysiology setup 20 
Computerized Emotion regulation tasks 65 




Those that met study inclusion and exclusion criteria based on the screening interview 
were scheduled for a clinical evaluation at the NRP.  During this evaluation, they completed a 
consent process, an extensive demographic questionnaire, a clinical interview to evaluate for 
current psychological symptoms, as well as semi-structured interview to establish diagnosis. For 
current symptoms, the individual was asked a series of standard questions about psychiatric 
symptoms they had experienced over the past two weeks. Information from the interview was 
used to complete the following rating scales: Brief Negative Symptom Scale (BNSS; Kirkpatrick 
et al., 2011), Brief Psychiatric Rating Scale (BPRS; Overall & Gorham, 1962), Scale for the 
Assessment of Negative Symptoms (SANS; Andreasen, 1989), Scale for the Assessment of 
Positive Symptoms (SAPS; Andreasen, 1984), the Hamilton Depression Rating Scale (HDRS; 
Hamilton, 1960), and the Young Mania Rating Scale (YMRS; Young et al., 1978). These rating 
scales were immediately completed by the researcher who conducted the interview for the 
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participant. In order to establish a research diagnosis of schizophrenia, participants completed the 
Structured Clinical Interview for the DSM-IV (SCID; First et al. 2002) which was modified to 
include DSM-5 diagnostic criteria per SCID guidelines in order to confirm that they met the 
diagnostic criteria for the study. Inclusion and exclusion criteria were again reviewed in order to 
confirm that the individual was eligible to participate in the study. Based on the information 
gathered in this clinical evaluation, participants who met all study inclusion and exclusion 
criteria were included in the study and went on to complete the neurocognitive and computerized 
testing protocols. Completion of this portion of the study took between 2 to 3 hours to complete. 
Prior to initiating neurocognitive testing, a 30-minute break was provided to participants.  
Neurocognitive and computerized test procedures. 
Neurocognitive abilities were assessed using a number of standard and well-validated 
neuropsychological assessment procedures designed to assess working memory, attention, 
executive functioning, processing speed, visuospatial ability, and abstract reasoning. Tests used 
to assess neurocognitive function included the trail-making tests A and B (TMT A/B), The 
Wisconsin Card-Sorting Test computerized version (WCST), and the following Wechsler Adult 
Intelligence Scale, Third Edition (WAIS-III) subtests: Block Design, Matrix Reasoning, 
Vocabulary, Coding, and Digit Span. Completion of this portion of the study took between 1-1.5 
hours to complete. Prior to initiating emotion regulation tasks, a break was offered to 
participants. 
The second part of testing comprised the emotion-regulation battery. This part was 
completed either on the same day (n = 21), at follow-up (n = 1) within one week of first visit, or 
after a delay of > 1 week (n = 1; this participant had to be scheduled for follow-up more than one 
week after initial interviews due to visual difficulties and the need to see an optometrist for 
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corrective lenses and symptom rating and cognitive data were re-collected for this participant on 
the day computerized tasks were completed and only these same-day data are used for analyses). 
The emotion regulation battery consisted of three tasks: The Unpleasant Descriptors Task, the 
Windows Task, and the Pleasant Descriptors Task. The order of the unpleasant emotion 
regulation tasks (i.e. the windows and the unpleasant descriptors tasks) was counterbalanced, and 
these two tasks always preceded the pleasant descriptors task. Although the unpleasant emotion 
regulation tasks have been tolerated well in the past, pilot participants completing the unpleasant 
descriptors and windows tasks expressed that these were very difficult for them to experience 
and their concerns are reflected in the addition of this measure. After completion of the emotion 
regulation measures, any questions were answered, and any concerns were addressed with all 
participants. Including set-up procedures (below), completion of this portion of the study took 
between 2-2.5 hours.  
Eye tracking methods setup and tracking. 
 Stimuli were presented on a 20” CRT monitor at a distance of approximately 80cm with 
patients seated comfortably in a dimly-lit room. Eye-tracking data were collected on an ASL D6 
series monocular eye tracker at a rate of 120Hz and a sensitivity of approx. 1.5 degrees of angle. 
Data were collected on this system using on-line head-tracking in order to allow for calibration 
to be maintained during head movement, or alternately using a chin-rest and head-rest to assure 
head placement remained stationary. Calibration was managed through a standard 9-point 
fixation dot display, with a first-pass gaze correction and second-pass automatic calibration 
managed through ASL’s EyeLink® version 6 software. Tasks were not begun until acceptable 
data were achieved at all nine points. While stimuli were presented in e-prime, EyeLink® 
version 6 software managed data collection. Event codes were sent from the stimulus control 
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computer to the eye-tracking data collection computer via 25 pin parallel port for stimulus onset 
and offset. Eye-tracking data were post-processed using the ASL Results Plus package. Areas of 
interest were manually drawn for individual images in all three task conditions. These areas of 
interest represented emotionally salient aspects of the stimulus images. For the Windows study, 
additional areas of interest represented space inside and outside the clear ‘window’ during the 
first three seconds after initial image onset. The proportion of fixations in areas of interest served 
as the primary outcome variable for between-group and within-group comparisons. A conceptual 
figure detailing a hypothetical emotion-focused area of interest is presented in Figure 3 below 





Figure 3: Conceptual representation of areas of interest.  
 
Note: Red box = negative focus. Blue box = Neutral Focus.  
Box size is identical.  
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Eye tracking area of interest selection. 
 For the Descriptors task, areas of interest were manually drawn to fit the primary region 
judged to represent the focal point of the image. For unpleasant images, one area of interest 
represented the salient negative focus of the image (e.g. surrounding the man and woman shown 
within the red box in Figure 3). The second area of interest included the remainder of the image, 
which encompassed other information that is important to fully understand the scene (such as the 
gentleman within the blue box within Figure 3) such as other persons in the scene, and other 
components which are not the primary negative focal point. This dichotomy was chosen in order 
to assess the impact of unpleasant and salient image aspects while allowing for attention to be 
captured by or directed to other regions of the scene. Neutral images were partitioned similarly, 
with the exception that the regions included the primary focal point of the image as judged by the 
author, and all other regions. For the windows task, areas of interest corresponded with the clear 
window presented during the first three seconds of image onset (for example, see blue and red 
boxes in figure 3, respectively), and represented the “negative” and “neutral” foci of the images. 
As condition was randomized each image contained both areas of interest regardless of the 
condition in which it was presented. A third area of interest corresponded to the remaining 
aspects of the scene. As task analyses for the first three seconds were germane to our findings 
and this was the epoch assessed in other studies of emotion regulation in schizophrenia using this 
task (Strauss et al., 2015), analyses focus on this epoch.  
Psychophysiology data collection/ analysis procedures. 
 Psychophysiological data collection was managed by a Biopac MP-150 system connected 
to a STP 100-c event code signaler that received stimulus onset and offset codes from e-prime 
via a separate 25 pin parallel port from that which managed eye-tracking signaling. A 4-channel 
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TEL 100M-C transmitter interfaced with transducers to collect respiration and electrodermal 
activity (EDA) through use of Biopac SS5B and SS3A transducers, respectively. 
Electrocardiogram (ECG) activity was collected through use of a modified lead-2 configuration 
with pre-gelled electrodes placed on the participant’s upper right collar bone and left lower rib, 
using the finger transducer as a ground. All areas were abraded and cleaned with an alcohol pad 
before application of electrodes in order to improve impedance. In the event of a dry gel channel, 
electrode gel was used to fil the electrode cavity and achieve a good signal. Immediately after 
setup, psychophysiological data were visually examined online via Biopac’s Acqknowledge 
software to assure fidelity and adjustments were made as necessary. This same check was 
completed again immediately before data collection begins for each task.  
Data collection across all three channels (Skin conductance, respiration, and ECG) were 
first-pass filtered through the TEL100MC transmitter with filter settings for ECG of 0.5Hz with 
a gain of 500; for EDA .05Hz with gain of 500, and for respiration activity via direct current with 
a gain setting of 10,000. The TEL-100MC transmitter was hooked up to a Biopac MP-150 
system with maximum sample rate of 200,000 samples per second, and digitally filtered through 
Biopac’s AcqKnowledge 4.3 software on-line, set to store 200 samples/ second. Baseline 
psychophysiological data were collected for all participants over a 5-minute relaxed rest period 
occurring immediately after a 5-minute acclimation period. During the rest period, participants 
were asked to remain seated quietly in order to not elevate heart rate via physical exertion or 
alter respiration rate due to conversation. These baseline data were used to derive values for 
resting RSA, resting EDA, and resting R-R interval (i.e. resting heart rate). During experimental 
paradigms, Stimulus-linked event codes tagged data for onset and off-set times according to each 
stimulus for the Windows and Descriptors tasks (Neu-Neu, Neu-Unp, and Neg-Unp).  
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Data were post-processed offline via Acqknowledge software to calculate R-R interval as 
a measure of heart rate changes, Skin Conductance Responses (SCRs), and RSA. R-R interval is 
a precise measure of heart rate calculated by identifying the space between electrographic peaks 
created by ventricular contraction. we assessed changes in R-R interval during relevant epochs 
guided by previous research on these tasks; the number of skin conductance responses beginning 
between 1s after stimulus onset and ending 1s after stimulus offset; and RSA across the entire 
task as a general index of cardiac vagal tone. Event-related analyses were available for skin 
conductance and R-R interval, which were interpreted to reflect arousal and a mixed indicator of 
arousal and emotional response. Acqknowledge software has automated protocols for the post-
processing and smoothing of EDA data embedded in analyses, so no further filters were applied 
prior to post-processing these data. Electrocardiogram signals were visually analyzed for all 
participants, and smoothing was applied before data processing if artifact was identified (low-
pass filter 0.5Hz and high-pass filter 35Hz) per the recommendations of Biopac for use with 
these analyses using modified lead-2 configuration for collection of ECG data. After post-
processing, participant-level data were the mean average value for a given dependent variable for 
a given condition (e.g. average number of skin conductance responses (SCRs) across all 
presentations of negatively-described unpleasant images). The Acqknowledge software package 
uses current research-based gold standards for the automated processing of our variables of 
interest. Event markers automatically sent from e-prime were identified by the program and 
included the onset and offset of stimuli. R-R interval change and skin conductance responses 
were computed for each condition in each experimental task. For example, the pleasant 
descriptors task captured data in the 6s window after onset of each image. These data were coded 
separately for each of three conditions: pleasant images described positively, pleasant images 
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described unpleasantly, and neutral images. R-R interval data reflected the degree of change 
across sub-components of this epoch (3s for unpleasant tasks, 5s for the pleasant descriptors task; 
see Lang et al., 2009 for review), averaged within each participant across all trials for a given 
condition and experiment. Outcome data therefore reflected both R-R interval change and Skin 
Conductance responses for each of these conditions.  
Data Analyses 
The following includes analyses planned to characterize the sample and to test our 
hypotheses. Primary analyses are listed separately below for each hypothesis. For ease of 
interpretation, the following acronyms are used: Unpleasant images described or visually focused 
negatively (Neg-Unp), unpleasant images described or visually focused neutrally (Neu-Unp), 
neutral images described or visually focused neutrally (Neu-Neu), pleasant images described 
positively (Pos-Ple), and pleasant images described negatively (Neg-Ple).  
In order to characterize our sample, the following procedures were completed. 
Demographic information including the distribution of sex and ethnicity were examined via 
Fischer’s exact test analyses (due to not all demographics being represented in each group) in 
order to assess for significant differences in the distribution of important demographic factors 
between groups. Interval level demographic data including age, education, estimated IQ, 
cognitive variables, and symptom ratings were assessed via one-way ANOVA in order to test for 
significant differences between groups. For any significant differences in demographic data 
between groups, follow-up correlations were computed to assure that these factors do not need to 
be controlled for in our follow-up analyses. These correlations were computed between such 
variables and the following dependent variables: 1) Unpleasantness ratings in Neg-Unp 
conditions and pleasantness ratings in the Neg-Ple condition, and 2) HR change and SCR data 
 
 41 
for these conditions. Such analyses were not computed for symptom rating data or IQ data, as 
symptom ratings served primarily to characterize the schizophrenia group and should differ from 
controls as a function of the illness alone and individuals with schizophrenia are expected to 
obtain lower IQ scores than controls because cognitive dysfunction is a key component of the 
disorder. For psychophysiological data. resting RSA, resting EDA, and resting heart rate were 
examined via one-way ANOVA in order to determine whether it would be necessary to account 
for any baseline between-groups differences that may affect psychophysiological responding 
during tasks. 
 In order to test hypothesis 1, that participants with schizophrenia would have emotion 
regulation abnormalities, the following analyses were conducted: For the unpleasant descriptors 
task and for the windows task, repeated measures analyses of variance were employed using the 
number of SCRs, R-R interval change, and behavioral ratings of unpleasantness as dependent 
variables. For each of these five separate dependent variables, the model included one between-
subjects factor on two levels (Schizophrenia and Controls, Group) and one repeated measure 
within-subjects factor on three levels (Neg-Unp, Neu-Unp, and Neu-Neu; Condition). For the 
pleasant descriptors task, these same analytical steps were employed, with the exception of 
examining Pos-Ple, Neg-Ple, and Neu-Neu as repeated measures condition variables and ratings 
of pleasantness. For all three tasks, delta scores were computed by subtracting mean 
unpleasantness ratings (Descriptors or Windows tasks) or pleasantness ratings (Pleasant 
Descriptors task) provided for the regulated condition from the emotionally congruent condition 
(e.g. Neg-Unp – Neu-Unp). A similar procedure was completed for all event-related 
psychophysiological indices that demonstrated a significant between-groups or between-
condition effects. These scores were subjected to between-groups ANOVA in order to directly 
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assess whether there were between-groups differences in emotion regulation for each task as 
evidenced by behavioral data.  
In order to test hypothesis 2, that visual attention is responsible for between-group 
differences in emotion regulation, analyses were completed for the Windows task. This task was 
chosen because it explicitly asked participants to direct attention as a sole method of emotion 
regulation. We conducted between-group ANCOVAs for dependent variables that demonstrated 
a significant effect of emotion regulation when testing in hypothesis 1 from among the 
following: SCRs, R-R interval change, and behavioral ratings of unpleasant emotion in the Neu-
Unp condition. This behavioral response was chosen because a decrease in unpleasant emotion in 
this condition reflects more successful emotion regulation. The proportion (i.e. percentage) of 
fixations inside the neutral focus window and of fixations outside of the neutral focus window 
were used as covariates in the model. If the hypothesis that visual attention affects emotion 
regulation were to be supported, it was expected that inclusion of directed attention covariates 
would alter the significance of the model. Partial Eta Squared was used as a metric for examining 
the strength of the effect of covariates in all such models (as with hypothesis 3, below) where 
significant changes occurred. 
In order to test hypothesis 3, that cognition would be responsible for emotion regulation 
ability, several steps were taken. First, Z-score transformed composite indices of executive 
functioning (comprised of WCST categories completed and WCST Percent Perseverative errors) 
and processing speed (Trails A and WAIS-III Coding) were created to reflect overall 
performance on the aforementioned constructs; and WAIS-III Digit span was used to reflect 
working memory. Both Z score transformed scores were computed such that positive Z indicated 
better performance. Correlations were first computed between cognitive performance Z scores 
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and dependent variables, and only cognitive variables significantly correlated with dependent 
variables were included in analyses. Between-group ANCOVAs were computed focusing on the 
Neu-Unp condition of the Windows, Descriptors, and Pleasant Descriptors tasks with working 
memory, executive functioning, and processing speed entered as covariates. Dependent variables 
(as with hypothesis 2) were all those tested and shown to be significant indices of emotion 
regulation during analysis of hypothesis 1 from among the following: SCRs, R-R interval 
change, and behavioral ratings of unpleasant emotion in the Neu-Unp condition. If the 
hypothesis that cognition affects emotion regulation were to be supported, it was expected that 
inclusion of cognitive variables as covariates would alter the significance of the model. 
Additional analyses were conducted that further characterize emotional self-report that 
are not germane to our hypotheses. These include repeated measures ANOVAs for pleasantness 
and arousal ratings for the Windows and Descriptors tasks; and unpleasantness and arousal 
ratings in the Pleasant Descriptors task. As such, these analyses and relevant figures are reflected 







 Demographic, baseline psychophysiological data, and symptom data were examined for 
all participants (see Table 2). Due to the effect of small sample sizes within each group on the 
ability to assume a normal distribution of our data, non-parametric comparisons were computed 
by rank ordering our data and computing independent samples t tests on these rank-ordered data. 
Means and standard deviations reported in the table reflect sample means and not rank ordered 
means. Participants with schizophrenia were significantly older, though did not significantly 
differ in estimated full-scale IQ or education from healthy controls. There were no significant 
differences in the distribution between groups of ethnicity or sex. Given differences in age 
between the groups, age was correlated with dependent variables in the emotion regulation 
condition (e.g. Neu-Unp/ Unp-Ple) across tasks. In addition to significant correlations, 
reasonably strong correlations (i.e. r > .30) that may be meaningful are also reported. Of these 
comparisons, age was only significantly correlated with heart rate change during the Neu-Unp 
condition of the Windows task, r(22) = -.47, p = .02, and was not meaningfully correlated with 
other variables of interest (all r < .27). While the difference in estimated IQ was not statistically 
significant, this difference is likely meaningful. However, it is not controlled for in analyses as 
differences in FSIQ are expected in schizophrenia and are important and meaningful differences 
that provide justification for assessing the impact of cognitive variables on emotion regulation in 
SZ as compared to CN groups. Resting baseline data were additionally analyzed to assess for 
meaningful differences between-groups outside the context of the emotion regulation tasks that 
may need to be accounted for. There were significant between-groups differences in resting 
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baseline RSA and skin conductance levels but not in resting heart rate. As such, baseline RSA 
and skin conductance were used as covariates in RSA and SCR analyses, consistent with the 
recommendations of Overall and Doyle, (1994).  
 
 
Table 2. Cognitive, symptom, and demographic characteristics. 
 Group Statistic 
Metric CN (14) SZ (9) F / t p 
Age 33.4 (12.8) 46.2 (12.4) t = 2.44 < .05 
Years of Education 14.3 (1.9) 13.0 (2.1) t = 1.44 .17 
Estimated FSIQ 104.5 (14.0) 91.3 (16.9) t = 1.79 .09 
Digit Span 10.4 (3.0) 8.9 (2.5) t = 1.09 .29 
Executive Z score 0.5 (1.1) -0.7 (1.6) t = 2.14 < .05 
Processing Speed Z score 1.0 (1.2) -1.5 (1.6) t = 4.15 < .01 
SANS Total 3.1 (6.2) 27.8(20.0) 18.87 < .01 
SAPS Total 0.8 (1.2) 21.2 (13.9) 30.76 < .01 
BPRS Total 20.9 (2.1) 34.9 (6.1) 64.24 < .01 
BNSS Total 1.2 (2.8) 14.3 (15.5) 9.79 < .01 
HDRS Total 2.5 (2.3) 9.2 (4.5) 22.70 < .01 
YMRS Total 2.1 (1.8) 6.8 (6.4) 6.88 < .05 
Baseline Mean HR 78.2 (12.7) 81.1 (12.9) 0.29 .597 
Baseline Mean RSA 67.4 (44.3) 33.2 (12.6) 5.02 < .05 
Baseline Mean EDA 3.6 (2.5) 1.2 (1.6) 6.85 < .05 
Percent Male 45.5 54.5 Fisher’s: p = .21 
Demographic CN SZ χ² = 9.17 p = .33 
African American 1 3 -- -- 
Asian 2 1 -- -- 
White/Caucasian 7 5 -- -- 
Latinx/ Hispanic 3 0 -- -- 
Biracial 1 0 -- -- 
*Note. Bolded values are significant. Pers. = perseverative; NPers. = non-perseverative; HR = 








In order to assess for between-group differences in emotion regulation, repeated measures 
ANOVAs were completed with the following dependent variables: SCR, R-R interval change 
(over the first three seconds for Windows and Descriptors, and over the first five seconds for the 
Pleasant Descriptors tasks), and each of three behavioral ratings (pleasant, unpleasant, arousal). 
Models were constructed with one between-subjects factor on two levels (Group; SZ and CN), 
and one within-subjects repeated measure factor on three levels (Condition; Neg-Unp, Neu-Unp, 
and Neu-Neu). Tasks are presented separately for ease of interpretation. Follow-up analyses and 
additional clarifying analyses are presented where appropriate and specified in-text. The 
assumption of sphericity was not violated unless otherwise noted in analyses. When sphericity 
was violated Greenhouse-Geisser corrections were applied when epsilon < .75, and Hyunh-Feldt 
corrections were applied at epsilon > .75, consistent with procedures recommended by Girden 
(1992). 
Windows task behavioral ratings. 
With regard to behavioral ratings of unpleasantness, Mauchly’s test of sphericity was 
significant with epsilon of .626; as such, Greenhouse-Geisser corrections were applied where 
appropriate as epsilon < .75. There was a significant main effect for condition, F(1.25, 26.29) = 
231.06, p < .001, ηp2 = .925, and group, F(1, 21) = 15.01, p = .001, ηp2 = .917, such that SZ rated 
all conditions as broadly more unpleasant than CN, and both groups rated the Neg-Unp and Neu-
Unp conditions as more unpleasant than the neutral condition. There was no significant group by 
condition interaction effect, F(1.25, 26.29) = 0.07, p = .85, ηp2 = .004, suggesting that the pattern 
of unpleasantness ratings across conditions was similar between CN and SZ groups. Data for 





Figure 4. Windows task unpleasantness ratings.      
 
*Note: Bars represent standard error.  
 
 
Follow-up ANOVAs were computed to test between-group differences in unpleasantness 
ratings in the Windows task in order to characterize the intensity of the emotional response 
between controls and schizophrenia for the emotion elicited by the task. The SZ group rated 
stimuli as more unpleasant than CN in each of the following conditions: Neg-Unp, F(1, 22) = 
6.60, p = .02, ηp2 = .231, Neu-Unp, F(1, 22) = 6.60, p = .02, ηp2 = .231, and Neu-Neu, F(1, 22) = 
9.42, p < .01, ηp2 = .300. Regarding between-groups ANOVA for emotion regulation change 
scores, there was no significant between-groups difference in emotion regulation for the 
Windows task, F(1, 22) = 0.09, p = .77, ηp2 = .004.  
Windows task psychophysiological responses. 
Repeated measures ANCOVA was computed for SCRs (with baseline EDA as a 
























differences in uMho EDA in order to assess psychophysiological indices with 
psychophysiological responses as a dependent variable, group as a between-subjects variable, 
task condition as a repeated measure. For number of SCRs in the Windows task, there was no 
significant group by condition interaction, F(2, 40) = 0.54, p = .59, ηp2 = .026, main effect for 
condition, F(2, 40) = 0.80, p = .46, ηp2 = .039, or between-subjects finding for group, F(1, 20) = 
2.92, p = .10, ηp2 = .127, although this effect size was of notable size and as such data are 
presented in Figure 5.  
 
 
Figure 5. Windows task SCRs.  
 
*Note. Bars represent standard error.  
 
 
Regarding R-R Interval Change, age was added as a covariate due to the significant 
correlation between age and R-R interval change for the Neu-Unp condition of this task. There 

























effect for condition, F(2, 42) = 0.60, p = .55, ηp2 = .029, but there was a significant between-
subjects finding for group, F(1, 21) = 14.18, p = .001, ηp2 = .425, such that controls had 
significantly greater heart-rate deceleration across all three conditions than did SZ, while the 
pattern of HR change remained similar across conditions for both groups (Figure 6). Of note, 
figure 6 represents change scores across the first three-second epoch; hence, positive values 
represent heart rate deceleration. Given the significant between-groups differences in heart-rate 
change, delta scores were assessed via one-way ANOVA as above to assess for between-groups 
differences in emotion regulation. There was no significant difference between CN and SZ 
groups in their degree of heart-rate change between Neg-Unp and Neu-Unp conditions, F(1, 21) 
= 0.40, p = .53. 
 
 
Figure 6. Windows task mean heart-rate change 3s.  
 



































 In order to assess cardiac vagal tone as an index of broad parasympathetic response 
across the task (i.e. an index of emotion regulation; Figure 7), given the differences in mean 
RSA values during resting baseline, a between-groups ANCOVA was computed with mean RSA 
during the Windows task as a dependent variable and mean baseline RSA as a covariate. The 
overall model accounting for between-groups differences and the covariate was significant, F(2, 
20) = 16.66, p < .001, ηp2 = .625. There was a significant effect for the covariate, baseline RSA, 
F(1, 20) = 14.53, p = .001, ηp2 = .421, and a significant between-subjects effect for group 
accounting for the effect of the covariate, F(1, 20) = 4.93, p = .04, ηp2 = .198. These results 
indicate that the CN group had greater mean RSA during the Windows task than SZ even when 





Figure 7. Windows task mean RSA by group. 
 
*Note. Bars represent standard error.  
 
 
Descriptors task behavioral ratings.  
With regard to behavioral ratings of unpleasantness (Figure 8), Mauchly’s test of 
sphericity was significant with epsilon of .860; as such, Huynh-Feldt corrections are applied 
where appropriate as Epsilon > .75. There was a significant main effect for condition, F(1.72, 
36.10) = 117.74, p < .001, ηp2 = .863, and group, F(1, 21) = 10.19, p < .01, ηp2 = .327, such that 
SZ rated conditions as broadly more unpleasant than CN, and both groups rated the Neg-Unp > 
Neu-Unp > Neu-Neu conditions for unpleasantness. There was no significant group by condition 
interaction effect, F(1.72, 36.10) = 1.42, p = .25, ηp2 = .063, suggesting that the pattern of 























Figure 8. Descriptors task unpleasantness ratings.       
 
*Note. Bars represent standard error.  
 
 
Follow-up ANOVAs were computed to test between-group differences in unpleasantness 
ratings in the Descriptors task in order to characterize the intensity of the emotional response 
between controls and schizophrenia for the emotion elicited by the task. The SZ group rated 
stimuli as more unpleasant than CN in the Neg-Unp condition, F(1, 21) = 5.80, p = .03 and Neu-
Unp condition,  F(1, 21) = 7.10, p = .02, ηp2 = .216. The SZ group did not rate the Neu-Neu 
condition significantly differently than CN, F(1, 21) = 3.33, p = .08, ηp2 = .253. Regarding 
between-groups ANOVA for emotion regulation change scores, there was no significant 
between-groups difference in emotion regulation for the Descriptors task, F(1, 22) = 0.09, p = 
.77, ηp2 = .004.  
Descriptors task psychophysiological responses.  
Analyses were structured identically to the Windows task, above. For number of SCRs in 
the Descriptors task, there was no significant group by condition interaction, F(2, 38) = 0.01, p = 




























subjects finding for group, F(1, 19) = 0.02, p = .89,  ηp2 = .001. Regarding R-R Interval Change, 
there was no significant group by condition interaction, F(2, 40) = 3.13, p = .09, ηp2 = .112, main 
effect for condition, F(2, 40) = 3.13, p = .06, ηp2= .135, or between-subjects finding for group, 
F(1, 20) = 1.58, p = .22, ηp2 = .073. Overall, there were no meaningful event-related findings for 
psychophysiological data among participants in the descriptors task.  
In order to assess cardiac vagal tone as an index of broad parasympathetic response 
across the task (i.e. an index of emotion regulation; Figure 9), given the differences in mean 
RSA values during resting baseline, a between-groups ANCOVA was computed with mean RSA 
during the Descriptors task as a dependent variable and mean baseline RSA as a covariate. The 
overall model was significant, F(2, 20) = 12.42, p < .001, ηp2 = .554, with a significant effect for 
the covariate (baseline RSA: F(1, 20) = 12.25, p < .01, ηp2 = .380, but not group accounting for 
the effect of the covariate, F(1, 20) = 2.72, p = .12 ηp2 = .120. This suggests that while CN and 
SZ exhibited significant differences in mean RSA across the task, these were accounted for by 





Figure 9. Descriptors task mean RSA by group. 
 
*Note. Bars represent standard error.  
 
 
Pleasant Descriptors task behavioral ratings. 
For pleasantness ratings (Figure 10), there was a significant main effect for condition, 
F(2, 42) = 38.30, p < .001, ηp2 = .646, but not group, F(1, 21) = 0.52, p = .48, ηp2 = .024, such 
that SZ and CN rated images as similarly pleasant, and both groups rated the Pos-Ple condition 
as more pleasant than the Neg-Ple condition, which was rated as more pleasant than the Neu 
condition. There was no significant group by condition interaction effect, F(2, 42) = 0.15, p = 
.15, ηp2 = .088, suggesting that the pattern of pleasantness ratings across conditions was similar 
























Figure 10. Pleasant Descriptors task pleasantness ratings. 
 
*Note. Bars represent standard error. 
 
 
Follow-up ANOVAs were computed to test between-group differences in pleasantness 
ratings in the Pleasant Descriptors task in order to characterize the intensity of the emotional 
response between controls and schizophrenia for the emotion elicited by the task. The SZ group 
rated stimuli as similarly pleasant to CN across the Unp-Ple, F(1, 22) = 1.64, p = .21, ηp2 = .069, 
Pos-Ple, F(1, 22) = 1.15, p = .30, ηp2 = .050, and Neu-Neu conditions, F(1, 22) = 0.61, p = .44, 
ηp2 = .027. Regarding between-groups ANOVA for emotion regulation change scores, there was 
no significant between-groups difference in emotion regulation for the Pleasant Descriptors task, 




























Pleasant Descriptors task psychophysiological responses.  
Analyses were structured identically to the Windows and Descriptors tasks (above) with 
the exception of assessing Pos-Ple, Pos-Unp, and Neu-Neu conditions. For number of SCRs in 
the Pleasant Descriptors task, there was no significant group by condition interaction, F(2, 40) = 
0.98, p = .38, ηp2 < .047, main effect for condition, F(2, 40) = 2.41, p = .10, ηp2 = .108, or 
between-subjects finding for group, F(1, 20) = 0.14, p = .71, ηp2 = .007. Due to the notable 
between-groups effect size, data are presented in Figure 11. Regarding R-R Interval Change 
over the first five seconds, Mauchly’s test of sphericity was significant with epsilon of .846; as 
such, Huynh-Feldt corrections are applied where appropriate. There was no significant group by 
condition interaction, F(1.69, 35.54) = 0.71, p = .48, ηp2 = .033, between-subjects finding for 
group F(1, 21) = 0.03, p = .87, ηp2 = .001, or main effect for condition, F(1.69, 35.54) = 0.75, p 
= .46, ηp2 = .034. Overall, there were no significant psychophysiological findings for the 





Figure 11. Pleasant Descriptors task SCRs.  
 
*Note. Bars represent standard error.  
 
 
In order to assess cardiac vagal tone as an index of broad parasympathetic response 
across the task (i.e. an index of emotion regulation; Figure 12), given the differences in mean 
RSA values during resting baseline, a between-groups ANCOVA was computed with mean RSA 
during the Pleasant Descriptors task as a dependent variable and mean baseline RSA as a 
covariate. The overall model was significant, F(2, 20) = 11.30, p = .001, ηp2 = .531, with a 
significant effect for the covariate baseline RSA: F(1, 20) = 14.61, p = .001, ηp2 = .422, but not 
group accounting for the effect of the covariate, F(1, 20) = 0.74, p = .40, ηp2 = .036. This 
suggests that while CN and SZ exhibited significant differences in mean RSA across the Pleasant 
























Figure 12. Pleasant Descriptors task mean RSA by group. 
 
*Note. Bars represent standard error.  
 
 
Hypothesis 2: Covariance Analyses of Eye Tracking Data for Directed Attention on 
Emotion Regulation 
Given the significant between-group differences in HR change but not for SCR, HR 
change was used as a dependent variable for psychophysiological indices, as outlined above. For 
the windows task, between-group ANCOVAs for HR change and for unpleasantness ratings in 
the Neu-Unp condition were completed with the percent of fixations inside the neutral window 
of the image and percent fixations outside the neutral window of the image during this period as 
covariates. The overall model was significant, F(3, 16) = 5.03, p = .01, ηp2 = .485. There 
remained a significant between-subjects effect of group, F(1, 16) = 10.58, p < .01, ηp2 = .398, 
though eye-tracking covariates were non-significant. There was also no significant between-





















condition, F(1, 18) = 1.88, p = .19, ηp2 = .094. This suggests that directed attention did not 
explain between-groups differences in psychophysiological indices of emotion regulation. 
Across groups, when directed to focus within the neutral window, participants made 33.6% of 
their fixations within the negative window, 15.4% of their fixations within the neutral ‘target’ 
window, and the remaining fixations outside of relevant areas of interest or outside of the image. 
Hypothesis 3: Covariance Analyses of Cognitive Data on Emotion Regulation 
Given the significant between-group differences in HR change but not for SCR for the 
windows task, HR change was used as a dependent variable for psychophysiological indices, as 
outlined above. Given significant between-groups differences in behavioral ratings of 
unpleasantness for the Windows and Descriptors tasks, behavioral ratings were also used as 
dependent variables. Pearson Product Moment correlations were computed between cognitive 
domain scores and these dependent variables.  Executive functioning was significantly correlated 
with ratings of unpleasantness in the Neg-Unp condition for the windows task, r(22) = -.47, p = 
.03, Heart-rate change in the windows task was significantly correlated with the Neg-Unp 
condition, r(22) = .54, p < .01, and the Neu-Unp condition, r(22) = .43, p < .05. Processing speed 
was significantly correlated with heart-rate change in the windows task for the Neg-Unp 
condition, r(22) = .50, p = .02. Working memory was not significantly correlated with any 
dependent variable. As such, analyses were computed for the Windows task given no significant 
correlations between covariates and dependent variables for significant findings from the 
Descriptors task. Between-groups ANCOVAs with executive functioning as a covariate for 
dependent variables of behavioral ratings of unpleasantness in the Neg-Unp condition (Model 1) 
and heart-rate change in the Neg-Unp condition (Model 2). Between-groups ANCOVA was also 
computed with both executive functioning and processing speed as covariates for heart rate 
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change in the Neg-Unp condition (Model 3). Pearson Product Moment correlations were also 
computed among our covariates. Executive functioning was significantly correlated with 
processing speed, r(21) = .57, p < .01, but not working memory, r(21) = .21, p = .02. Processing 
speed and working memory were also not significantly correlated, r(22) = .38, p = .07, although 
this was a reasonably strong correlation. 
Regarding Model 1, between-group ANCOVA for unpleasantness ratings in the Neg-Unp 
condition, Levine’s test of equality of error variances as non-significant, F(1, 20) < .01, p = .93, 
and as such there was no significant evidence for violation of the assumptions of equality of 
variances. The overall model was significant, F(2, 19) = 4.59, p = .02, ηp2 = .326. There was no 
significant between-groups difference in unpleasantness ratings, F(1, 19) = 2.41, p = .14, ηp2 = 
.113, accounting for the covariate, although executive functioning was not a significant covariate 
in the model, F(1, 19) = 2.85, p = .11, ηp2 = .130, in spite of the moderate effect size of the 
covariate (Figure 13). Regarding Model 2, between-group ANCOVA for heart rate change in the 
Neu-Unp condition, Levine’s test of equality of error variances was significant, F(1, 20) = 6.98, 
p = .02, and as such there was evidence for violation of the assumptions of equality of variances. 
The overall model was significant, F(2, 19) = 9.37, p = .001, ηp2 = .497. There was a significant 
between-groups difference in heart-rate change, F(1, 19) = 11.79, p < .01, ηp2 = .383, accounting 
for the covariate, although executive functioning was not a significant covariate in the model, 
F(1, 19) = .83, p = .37, ηp2 = .042. Regarding Model 3, between-group ANCOVA for heart rate 
change in the Neg-Unp condition, Levine’s test of equality of error variances was non-
significant, F(1, 20) = 0.00, p = 1.00, and as such there was no evidence for violation of the 
assumptions of equality of variances. The overall model was significant, F(3, 18) = 5.86, p < .01, 
ηp2 = .494. There was no significant between-groups difference in heart-rate change, F(1, 18) = 
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4.24, p = .054, ηp2 = .191, accounting for the covariate, although executive functioning, F(1, 18) 
= 2.30, p = .15, ηp2 = .113, and processing speed, F(1, 18) = .08, p = .79, ηp2 = .004, were not 
significant covariates in the model (albeit with a moderate effect size for executive functioning, 
Figure 14). Given the attenuation of between-groups effects with the addition of the covariate(s) 
and moderate effect sizes for executive functioning in both models (ηp2 > .112), there is limited 
evidence for the role of executive functioning in self-reported unpleasantness and for heart rate 
change in the Neg-Unp condition of the Windows task. This suggests that potentially for self-
reported emotional ratings and heart rate change, executive functioning was an important 
predictor in the Windows task, while processing speed and working memory were not. 
 
 








The present study is novel because it simultaneously employs multiple methodologies to 
study emotion regulation in those with schizophrenia.  Specifically, affective ambivalence and 
reduced positivity offset during emotion regulation and emotional experience tasks have been 
thought to underscore anhedonia in schizophrenia (Strauss et al., 2015). However, the 
mechanisms underlying these findings remain unclear. It has yet to be determined whether this 
ambivalence is causally related to attention to tasks, lower emotional experience of these stimuli 
under conditions of adequate attention, or confusion regarding task demands or emotional inner 
experience. A major strength of this study was to address these underlying mechanisms by 
collecting measures of directed attention (i.e. eye-tracking), sympathetic nervous system 
response (i.e. R-R interval and SCR), parasympathetic nervous system response (RSA), and 
behavioral self-report simultaneously in individuals with schizophrenia who were completing a 
series of emotion regulation tasks. Finally, the present study includes an additional pleasant 
emotion regulation task which is additionally novel within the schizophrenia literature. The 
following discussion provides interpretation of the results and is organized by hypotheses. 
Following a discussion of the hypotheses, a discussion of psychophysiological findings more 
broadly is undertaken before a summary and future directions are considered.    
Hypothesis 1 
It was hypothesized that for those with schizophrenia, there would be evidence for 
increased emotional response to unpleasant stimuli relative to controls and also decreased 
emotion regulation ability as evidenced by attenuated reduction of emotional self-report and 
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response during regulation conditions. Behaviorally, there was evidence for between-groups 
differences for both the Descriptors and Windows tasks in the overall level of unpleasantness 
ratings, suggesting an increased level of self-reported emotionality in schizophrenia as was 
hypothesized. However, there were no differences between the groups on emotion regulation for 
the Descriptors or Windows tasks, suggesting that contrary to our hypothesis emotion regulation 
in schizophrenia was not aberrant. For the Pleasant Descriptors task, consistent with our 
hypothesis those with schizophrenia and controls evidenced similar ratings of pleasantness to 
each-other within conditions, and a similar pattern of ratings to each-other across conditions. As 
with the unpleasant tasks, there was no significant difference in the level of emotion regulation, 
contrary to our hypotheses. As such for our behavioral data the hypothesis that those with 
schizophrenia would evince increased emotional timbre was supported, while we did not find 
behavioral evidence to support emotion regulation differences between controls and those with 
schizophrenia that might account for the increase emotional timbre.  
Regarding psychophysiological evidence for emotional experience and emotion 
regulation, skin conductance revealed no meaningful differences between-groups or across 
conditions for any task. There were some between-groups differences in the number of SCRs 
which were non-significant although with reasonably high effect sizes. This suggests that our 
sample size may have prevented the observation of a meaningful difference across some of these 
measures. These non-significant between-groups differences were notable for a pattern of CN > 
SZ for number of SCRs across conditions and tasks. However, there were significant between-
groups differences in heart-rate change and in overall RSA for the windows task. These 
differences suggest that emotional arousal (heart-rate change) and parasympathetic nervous 
system response differed between controls and those with schizophrenia for the Windows task. 
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Controls may have engaged in significantly greater overall emotion regulation during the course 
of the task as evidenced by increased indices of parasympathetic nervous system activity. This 
may be in part due to increases in event-related heart-rate-based indices of emotional arousal, i.e. 
HRV when exposed to aversive stimuli. This finding is contrary to our hypothesis as it suggests 
that controls, rather than those with schizophrenia, had greater emotional responses broadly 
when presented with aversive stimuli. However, between-groups differences in 
psychophysiological indices of emotion regulation were not revealing. Heart-rate variability and 
RSA indices of emotion were not significantly different for other tasks, although the overall 
pattern of results across these indices mirrored those of the Windows task in that those with 
schizophrenia had both lower HRV responses and lower overall levels of RSA.  
Overall, these results paint a picture of greater self-reported emotional experiences 
among those with schizophrenia accompanied by similar or less-responsive physiological 
reactions in the schizophrenia group relative to those in the control group. This suggests lower 
overall levels of arousal in spite of increased behavioral self-reports. The affective ambivalence 
hypothesis would predict an overall increased level of arousal as individuals are ‘torn’ between 
increased levels of both pleasant and unpleasant emotions, and this pattern was not seen in the 
present data. The pattern of behavioral and psychophysiological ratings rather suggest that the 
alternative is true: that those with schizophrenia may be responding in a manner consistent with 
what they believe is appropriate and less in line with true emotional experience. This may be 
expected especially if the patient population studied had prominent negative symptoms, which 
may predict poorer emotional insight. This is supported by the relatively high level of overall 




 The hypothesis that decrements in directed visual attention would be associated with 
emotion regulation abnormalities for unpleasant emotions was not supported by the present data. 
Indeed, although emotional experience differences were seen, eye-tracking analyses showed 
similar performances between controls and those with schizophrenia in their gaze patterns when 
presented with images and asked to direct their attention to specific aspects of those images. This 
is contrary to these same analyses computed for this same task in a previous study examining 
participants with schizophrenia (Strauss et al., 2015).  
Regarding performances on the windows task in the present study, both controls and 
those with schizophrenia reported increased levels of negative emotionality during Neg-Unp and 
Neu-Unp conditions. However, there was no observed effect of attentional deployment (i.e. Neu-
Unp condition) on self-reported experience as demonstrated by similar unpleasantness, 
pleasantness, and arousal ratings in the Neg-Unp and Neu-Unp conditions. Although there were 
no significant between-groups differences in eye-tracking data, both groups had a similar 
proportion of fixations within the unpleasant and neutral foci of the image irrespective of task 
condition within the first three seconds of image onset, indeed making an average of 33.6% of 
their fixations within the negative window and 15.4% of their fixations within the neutral 
window during the Neu-Unp condition (i.e. they were both unable to reliably maintain their 
fixation within the neutral window when asked to do so). This may suggest that for both the 
schizophrenia group and the control group in our sample, they were unable to effectively deploy 
directed attention strategies in order to down-regulate unpleasant emotion. The reason for this is 
unclear and may be due to any number of factors. For eaxmple, the present study was always 
administered as part of a larger battery of tasks and fatigue was observed in spite of the use of 
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breaks in order to remediate it. In the previous study, the eye-tracking component was completed 
as a separate task in a separate building from the EEG component, and not all participants 
completed this component on the same day as other tasks in the battery, which may have 
mitigated fatigue and also reduced the potential for habituation to aversive stimuli. As such, in 
the present study fatigue and habituation may have impacted both controls and those with 
schizophrenia thereby reducing their ability to employ top-down attentional strategies for 
emotion regulation. In this case, one may expect the observed increased bottom-up capture of 
attention (i.e. the proportion of fixations for both groups within the unpleasant window > the 
target neutral window), hence creating a similarity between CN and SZ groups in their ability to 
comply with task parameters.  
Hypothesis 3 
 The present data provide limited support for the hypothesis that cognitive variables, 
particularly executive functioning, are associated with emotional experience. However, given the 
lack of evidence for significant emotion regulation differences as indexed by change scores 
across any of our many indices, cognitive performances cannot be judged to directly affect 
emotion regulation based on the present findings. It is interesting that executive functioning was 
a significant predictor of unpleasantness ratings only during an aversive task with an aversive 
focus without a provided antecedent-based cognitive change strategy. Given the above 
observation that participants across groups may have failed to comply with task parameters, this 
task may be most similar to passive viewing tasks. As such, our findings may hearken to findings 
in the depression research demonstrating that individuals with depression fail to attenuate 
amygdala response during a passive viewing task 15 minutes after undergoing a more active 
emotion regulation procedure on fMRI (Erk et al., 2010) given that for half of the participants, 
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they underwent a more active emotion regulation paradigm prior to administration of the 
Windows task. This interpretation is speculative and may be better followed with additional 
research. For self-reported emotional ratings during the Windows task, executive functioning 
was an important predictor of unpleasantness responses in the condition where participants were 
not directed to regulate emotion, while processing speed and working memory were not. When 
directed to regulate emotion, no significant relationships were found between cognitive variables 
and indices of emotional experience.  
Broad findings related to Psychophysiological Data 
 Heart-rate-based metrics (i.e. heart rate change and in particular RSA) most frequently 
differentiated healthy controls from SZ participants across tasks in our study. Interestingly, 
across all tasks of emotion regulation our index of cardiac vagal tone (i.e. RSA) was nominally 
lower in SZ than CN groups when accounting for baseline RSA and significantly so for one task, 
suggesting a broadly lower parasympathetic nervous system response in this group. This is 
coupled with lower sympathetic nervous system response in SZ relative to CN for the Windows 
task (i.e. reduced HRV in the 3s post-stimulus epoch) may suggest an overall attenuated 
sympathetic-parasympathetic response during emotion regulation tasks in schizophrenia relative 
to controls. This is consistent with previous literature showing reduced heart rate variability 
among those with schizophrenia at rest relative to controls (Schulz, Bär, &Voss, 2015). This 
finding also corroborates evidence that RSA differences between controls and those with 
schizophrenia may explain other aspects of social cognition and functional outcome (Hamilton et 
al., 2014). Additionally, these findings are in parallel to heart rate and salivary cortisol measures 
among those with schizophrenia, which included a sub-set of this cohort in that those with 
schizophrenia had elevated levels of salivary cortisol and heart rate relative to controls during 
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and before social stress paradigm that was, at least for anticipatory and recovery components of 
the task similar in pattern to controls (Vertinski, 2017). The present findings are novel as they 
extend previous research on RSA in schizophrenia to emotion regulation tasks. Similar patterns 
in eye-tracking data between controls and those with schizophrenia suggest against the potential 
that these between-groups differences are due to failure to attend to task demands in one group.  
Conversely, SCR failed to differentiate among controls and those with schizophrenia and 
also among task conditions in spite of the significant differences in behavioral ratings across 
conditions. While the extant research is variable, with some studies showing a decreased SCR 
relative to controls (e.g. Taylor, Liberzon, Decker, & Koeppe, 2002), and others showing an 
increase relative to controls (Kring & Neale, 1996; Williams et al, 2004; 2007), our findings 
differ in that there were no appreciable between-groups differences across a series of emotion 
regulation tasks. This may be due to methodological differences among tasks. Notably, the 
present battery was long and our tasks assessed emotion regulation rather than emotion 
induction. Although breaks were encouraged and participants invariably indicated their 
willingness and interest in continuing, the longer task durations of the present study and blocked 
nature of the tasks which was observed to result in fatigue among many participants in both 
groups. Within the schizophrenia group, care was made a priori in order to avoid a common 
medication with strong anticholinergic effects (i.e. clozapine) in order to mitigate the risk of 
medication effects impacting SCRs in this group. This step has rarely been employed in previous 
research on psychophysiology among those with schizophrenia and may explain some 
differences between the present study and historical research. However, research would suggest 
that selecting against those who are taking Clozapine would increase, not decrease, sensitivity 
and as such this does not explain our lack of replication of some psychophysiological findings 
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seen in prior research. Although considerable effort was undertaken to select participants who 
were not prescribed clozapine, the less-substantial anticholinergic properties of other 
antipsychotic medications or medications used for the prevention and treatment of 
extrapyramidal symptoms may have had an effect on skin conductance response, which relies on 
sweat gland responses that are affected by anticholinergic medications. However, the lack of 
statistically significant differences between controls and those with schizophrenia on skin 
conductance does not strongly support the idea that anticholinergic effects could account for the 
current findings.  
Summary 
The present data present evidence for differences in emotional experience between 
controls and those with schizophrenia that are both consistent with previous research and in some 
respects differ from previous research in interesting ways. Notably, while those with 
schizophrenia in the present study reported increased unpleasantness ratings to unpleasant 
stimuli and similar pleasantness ratings to pleasant stimuli relative to controls (as is seen in many 
studies of emotion in schizophrenia; Kring and Moran, 2008, Strauss & Gold, 2012; Trémeau, 
2006), eye-tracking differences reported in prior studies (Strauss et al., 2015) were not present in 
the current study. Additionally, while behavioral ratings were consistently elevated across 
conditions for unpleasant tasks, those with schizophrenia demonstrated a pattern of reduced 
affective intensity in conditions where stimuli were presented in a neutralizing manner, as was 
expected for and seen in our controls. Hence, contrary to our a priori hypotheses, the present 
study may suggest that in at least some circumstances or populations, a) individuals with 
schizophrenia either can perform adequately on such tasks, or more likely b) that in some 
circumstances control participants can fail to comply with task demands in such a way as to 
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produce similar performances to a patient population. This latter hypothesis is judged to be most 
likely due to the observed pattern of eye-tracking data on the Windows task, which differed from 
data reported for prior studies using these same stimuli and areas of interest. This pattern was 
expected in those with schizophrenia due to the evidence for deficits in top-down attentional 
control in this population for eye-tracking and ERP-based measures (Davenport et al., 2006; 
Kathmann et al., 1995; Neuhaus et al., 2011).  
While those with schizophrenia reported significantly increased levels of emotionality 
across all tasks of unpleasant emotion, the opposite was seen for psychophysiological responses 
among those with schizophrenia when such results were significant. The pattern of increased 
event-related responding and increased overall RSA across the same task are compelling 
evidence that the sympathetic-parasympathetic nervous system circuit was more active in 
controls than those with schizophrenia. This may suggest increased effortful emotion regulation 
in CN relative to SZ, despite no appreciable differences between the groups in behavioral ratings 
of emotion regulation (i.e. change scores between task conditions). This finding additionally may 
suggest that there is a disconnect between the intensity of felt emotion and the that of self-report 
in those with schizophrenia, which sheds light on previous research investigating affective 
ambivalence. Although ambiguous findings in the published literature are evident (see Kring & 
Neale, 1996, Taylor et al., 2002, and Williams et al., 2004, 2007), the present study excluded 
patients who were taking a common medication with known effects on EDA in an effort to 
control for these discrepancies. While it is impossible to remove all medication effects from a 
medicated population, it is less likely that medication effects represent a major confound in the 




The present study, in spite of relying on a-priori power analyses, included a sample size 
that may have been too small to pick up on some potentially real effects. As such, the size of our 
present sample represents a limitation in this respect. Due to the significant correlation between 
age and heart rate change in the Neu-Unp condition of the windows task, the non-controlled 
impact of age may be an additional limitation of the present study; however, that this was the 
only meaningful and significant correlation among all dependent variables of interest suggests 
against age presenting a major confound.  
Future Directions 
 The finding that those with schizophrenia report increased unpleasantness compared to 
controls during an unpleasant emotion task but evince lesser psychophysiological responses to 
these same tasks is interesting. While the emotion regulation literature has been equivocal 
regarding psychophysiology in schizophrenia (Kring & Neale, 1996, Taylor et al., 2002, 
Williams et al., 2004, 2007), evidence suggests that an increased neurophysiological response on 
EEG is associated with increased self-reported emotion (Strauss et al., 2013; 2015). fMRI 
research has also shown that in spite of similar ratings of unpleasantness relative to controls, 
these ratings are associated with reduced right amygdala activation in schizophrenia (Takahashi 
et al., 2004). Follow-up studies that assess neurophysiological responses concurrent with 
psychophysiological responses may help clarify whether amygdala hypoactivation is borne out in 
the psychophysiological data as reflected by attenuated skin conductance response, reduced 
heart-rate change in response to stimuli, and reduced levels of RSA. Such findings may provide 
insight as to whether there is a breakdown between central and peripheral neural responses to 
emotional stimuli on such emotion regulation tasks. The relationship between executive 
performances and emotional experience on the windows task is interesting in that it may be 
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similar to observations made in the depression literature. This observation may suggest that 
extending research paradigms similar to that of Erk’s (2010) to the schizophrenia population may 
result in unique data and examining the role of cognition in mediating this relationship in 
schizophrenia would be warranted. Finally, while the present study was designed and powered a 
priori to explore the proposed hypotheses, a larger cohort of individuals may allow for more 
complex statistical procedures (e.g. moderated multiple regression or structural approaches) that 
would allow further investigation of potential causal relationships among visual attention, 





Descriptors Task Behavioral Ratings of Pleasantness and Arousal 
For pleasantness ratings Mauchly’s test of sphericity was significant with epsilon of .640; 
as such, Greenhouse-Geisser corrections are applied where appropriate. There was a significant 
main effect for condition, F(1.28, 26.68) = 10.28, p < .01, ηp2 = .335, but not group, F(1, 21) = 
3.39, p = .08, ηp2 =.141, such that while SZ and CN rated all conditions as similarly pleasant to 
each-other, pleasantness ratings differed as a function of condition. There was no significant 
group by condition interaction effect, F(1.28, 26.68) = 0.28, p = .66, ηp2 = .013, suggesting that 
the pattern of responses were similar for SZ and CN groups. Data for pleasantness ratings are 
presented in Figure A1.  
 
 
Figure A1. Windows task pleasantness ratings. 
 
























For arousal ratings, Mauchly’s test of sphericity was significant with epsilon of .580; as such, 
Greenhouse-Geisser corrections are applied where appropriate. There was a significant main 
effect for condition, F(1.16, 24.37) = 40.05, p < .001, ηp2 = .664, and group, F(1, 21) = 8.82, p < 
.01, ηp2 = .275, such that mean arousal ratings were higher for SZ across all conditions, and both 
SZ and CN rated Neg-Unp and Neu-Unp conditions as more arousing than Neu-Neu. There was 
no significant group by condition interaction effect, F(1.16, 24.37) = .10, p = .80, ηp2 = .001, 
suggesting that CN and SZ evinced a similar pattern of arousal ratings across conditions. Data 
for arousal ratings are presented in Figure A2.  
 
 
Figure A2. Windows task arousal ratings.  
 
*Note. Bars represent standard error.  
 
 
Descriptors Task Behavioral Ratings of Pleasantness and Arousal 
For pleasantness ratings (Figure A3) Mauchly’s test of sphericity was significant with epsilon of 























significant main effect for condition, F(1.29, 27.14) = 17.34, p < .001, ηp2 = .452, but not group, 
F(1, 21) = 1.57, p = .07,  ηp2 = .070, such that while SZ and CN rated all conditions as similarly 
pleasant to each-other, pleasantness ratings differed as a function of condition. There was no 
significant group by condition interaction effect, F(1.29, 27.14) = 1.14, p = .32,  ηp2 = .052, 
suggesting that the pattern of responses were similar for SZ and CN groups.  
 
 
Figure A3. Descriptors task pleasantness ratings.  
 
*Note. Bars represent standard error.  
 
 
For arousal ratings (Figure A4), Mauchly’s test of sphericity was significant with epsilon of 
.663; as such, Greenhouse-Geisser corrections are applied where appropriate. There was a 
significant main effect for condition, F(1.33, 27.83) = 41.89, p < .001, ηp2 = .666, and group, 
F(1, 21) = 5.26, p = .03, ηp2 = .200, such that mean arousal ratings were higher for SZ across all 






















Neu-Neu. There was no significant group by condition interaction effect, F(1.33, 27.83) = 2.37, 




Figure A4. Descriptors task arousal ratings.  
 
*Note. Bars represent standard error.  
 
 
Follow-up ANOVAs were computed to test between-group differences in unpleasantness 
ratings in order to characterize the intensity of the emotional response between controls and 
schizophrenia for the emotion elicited by the Descriptors task. The SZ group rated stimuli as 
more unpleasant than CN across the Neg-Unp condition, F(1, 22) = 4.47, p = .046, the Neu-Unp 
condition, F(1, 22) = 6.26, p = .02, but not Neu-Neu condition, F(1, 22) = 3.36, p = .08. This 
indicates that those with schizophrenia rated emotionally-salient conditions but not neutral 
conditions as more intensely unpleasant than controls in the Descriptors task. Regarding 
























between-groups difference in emotion regulation for the Descriptors task, F(1, 22) = 0.17, p = 
.68.  
Pleasant Descriptors Task Ratings of Unpleasantness and Arousal 
With regard to behavioral ratings of unpleasantness (Figure A5), Mauchly’s test of 
sphericity was significant with epsilon of .590; as such, Greenhouse-Geisser corrections are 
applied where appropriate. There was a significant main effect for condition F(1.18, 24.76) = 
29.17, p < .001, ηp2 = .581, but not group F(1, 21) = 3.80, p = .07, such that SZ and CN rated 
images as similarly unpleasant, and both groups rated the Neg-Ple condition as more unpleasant 
than the Pos-Ple and Neu conditions. There was no significant group by condition interaction 
effect F(1.18, 24.76) = 0.15, p = .74, suggesting that the pattern of unpleasantness ratings across 
conditions was similar between CN and SZ groups.  
 
 
Figure A5. Pleasant Descriptors task unpleasantness ratings. 
 




























For arousal ratings (Figure A6), there was a significant main effect for condition F(2, 42) 
= 62.78, p < .001, ηp2 = .749, but not group F(1, 21) = 0.26, p = .62, ηp2 = .012, such that SZ 
and CN rated images as similarly arousing, and both groups rated the Pos-Ple and Neg-Ple 
conditions as more arousing than the Neu condition. There was no significant group by condition 
interaction effect F(2, 42) = 1.48, p = .24, ηp2 = .088, suggesting that the pattern of arousal 
ratings across conditions was similar between CN and SZ groups. 
 
 
Figure A6. Pleasant Descriptors task arousal ratings. 
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*Lee, B. G., Copeland, V., & Allen, D. (2015). Meta-analytic investigation of neuropsychological 
performance in persons with schizophrenia and co-occurring substance use disorders. Poster 
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Learning Deficits. Poster presented at the Ronald E. McNair Scholars program Conference, College 
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Publications in Progress 
 
Lee, B. G., Strauss, G.P., Snyder, J. S., Benning, S. D., & Allen, D. N. (Written, pending finalization for 
submission) Integration of audio-visual emotional information in schizophrenia. 
Lee, B. G., & Allen DN (in preparation). Visual attention and emotion regulation in schizophrenia.  
Becker, M., Lee, B. G., Hussey, J., & Allen, D.N. Substance use and neurocognition in schizophrenia: A 




APA-Accredited Internship in Clinical Psychology – Neuropsychology Track 
 
Henry Ford Hospital Department of Psychiatry, July 2018 – June 2019 
Neuropsychology Unit Neuropsychology Supervisors: 
 Brad Merker, Ph.D., ABPP-CN 
Dana Connor, Ph.D. 
  Brent Funk, Psy.D., ABPP-CN 
  Maggie Gindlesperger, Psy.D. 
  Jin Lee-Kim, Ph.D., ABPP-CN 
  Adrianna Zec, Psy.D., ABPP-CN 
 
• Clinical Experience: Completed a year-long major rotation in adult neuropsychology, involving 
an average of two neuropsychological assessments and reports per week with a diverse patient 
population. Patients served by the Henry Ford Health Neuropsychology division include referrals 
for dementia and neurodegenerative conditions, epilepsy, stroke, and traumatic brain injury, as 
well as other less-common referrals. Also completed inpatient neuropsychological evaluations for 
Epilepsy Monitoring Unit patients under consideration for neurosurgical options to treat 
intractable epilepsy, and shadowed intracranial sodium amobarbital procedures as available. 
• Supervision: Neuropsychology supervision is provided via 1:1 format for one hour per patient, as 
well as additional group supervision for neuropsychology interns. In addition to track-specific 
supervision, group supervision is held for the psychology internship cohort for one hour per 
week, which includes case presentations and group feedback.  
• Didactics:  Didactics included two hours per week of neuropsychology-specific instruction, 
psychiatry department grand rounds, and psychology internship-specific didactics focusing on 
topics germane to psychological practice in a medical setting. Additionally, sought out epilepsy 
neurosurgical case conferences and normal pressure hydrocephalus case conferences as available. 
Neuropsychology didactic topics include subjects germane to clinical neuropsychology including 
neuroanatomy, syndrome-specific seminars, and psychometrics. Psychology-specific didactics 
focus on bolstering medical knowledge via syndrome-focused courses on subjects such as 
encephalopathy and through baseline knowledge didactics covering subjects such as 







Southern Nevada Adult Mental Health:  August 2016 – June 2017 
Rawson Neal Psychiatric Hospital Supervisor 
 Christine Moninghoff, D.B.H. 
 
• Clinical Experience: Worked in an inpatient psychiatric setting providing individual therapy, 
group therapy, psychodiagnostic assessments, and cognitive assessments as part of an acute 
treatment team. Assessment responsibilities also included neurocognitive evaluations for patients 
in the forensic inpatient setting in order to assess for the potential of neurocognitive or 
neurodegenerative conditions likely to affect the restorability of these patients. Therapy was 
predominately conducted form an acute perspective and involved DBT skills training, as well as 
ACT and CBT intervenrtional strategies. I ran or co-facilitated an open Illness Management and 
Recovery group on the unit two days a week.  
• Supervision and Didactics: Supervision was primarily handled on a one-to-one basis 1-2 hours 
per week, with additional two-to-one supervision between myself, Dr. Moninghoff, and the 
psychology intern. Didactics have to-date focused primarily on forensic topics, including writing 
reports for forensic settings, the general process and proceedings of court, and the process of 
cross-examination. We have been given presentations by psychologists and attorneys extensively 
involved in this process, and we have a planned mock cross-examination scheduled for the end of 
2016. Additional didactic components have included evaluation of evidence-based group therapy 
modules and interventional strategies with the acute inpatient population.  
 
Cleveland Clinic Lou Ruvo Center for Brain Health July 2015 – June 2018 
 Supervisors: 
 Sarah Banks, Ph.D., ABPP-CN 
 Jessica Caldwell, Ph.D.  
 Justin Miller, Ph.D., ABPP-CN 
  
 
• Clinical Experience: Administered a standardized neuropsychological battery tailored for the 
assessment of adults referred for dementia. Wrote 1-2 neuropsychological reports per week under 
the supervision of Drs. Banks, Caldwell, and Miller. 
• Supervision and Didactics: Didactics included weekly grand rounds discussion of complex 
patients with a diverse team of treatment providers, inclusive of neurologists, psychologists, 
physical therapists, and social workers. Supervision was conducted on an individual basis and 
included direct training in effective report writing and case conceptualization, as well as review 
of individual patients and reports.  
 
Center for Applied Neuroscience July 2014 – June 2018 
Private neuropsychology practice Supervisors:  
 Sharon Jones-Forrester, Ph.D.  
 Thomas Kinsora, Ph.D. 
 
• Clinical Experience: Conducted neuropsychological assessment on a broad range of patients 
across the age span within the civilian and military populations. Patient groups included persons 
with suspected dementia, history of traumatic brain injury or concussion, neurodevelopmental or 
acquired neurocognitive disorders, and persons with severe mental illness or learning disabilities. 
Wrote approximately one clinical neuropsychological report per week for these patients.  
• Supervision and Didactics: Didactic training included specific education about 
neuropsychological correlates of TBI, PTSD, Dementia, and other disorders of neurocognition. 
Supervision consisted of group and individual meetings during which report writing and patient 
 
 96 
care were reviewed. Specific patients were discussed in terms of differential diagnosis and 
accommodations related to their neuropsychological status.  
 
UNLV Partnership for Research, Assessment, Counseling, Therapy and  
Innovative Clinical Education (PRACTICE) August 2013–August 2014 
University of Nevada, Las Vegas Supervisor:   
  Stephen Benning, Ph.D. 
  
• Clinical Experience: Provided long-term individual therapy to a caseload of approximately 4-6 clients 
per week in an outpatient University affiliated mental health clinic. Diagnoses included personality 
disorders, affective disorders with and without psychotic features, and anxiety disorders. Primary 
theoretical approach used were CBT and Interpersonal Psychotherapy under the supervision of Stephen 
Benning, PhD  
• Supervision and Didactics: Supervision consisted of weekly individual and group meetings with 
videotape review as well as weekly practicum seminars, which included didactic, group supervision, 
and case conference components. Didactic training focused on therapy from an ACT perspective 
inclusive of lecture, student presentation on therapeutically related topics, and case conceptualization. 
 
 
Psychological Assessment & Testing Clinic (PATC) August 2013–August 2014 
University of Nevada Las Vegas Supervisor:   
  Michelle G. Paul, Ph.D. 
 
• PATC Assessment Coordinator: Conducted intake and screening interviews for all clients tested 
through the PATC clinic (approx. 10-20 per week), coordinated case assignments in accordance with 
skill-set, training need of assessors, and client need. Duties also included client tracking for all active 
assessments and waitlist, reviewing clinical records and conducting audits for adherence to protocol 
and appropriate electronic notation, and creating and mailing intake paperwork for clients. 
• Doctoral Practicum Student: Neuropsychological, psychoeducational, and psychodiagnostic 
assessments using a flexible battery approach with adults referred from the community in an outpatient 
University mental health clinic. Further responsibilities included interviewing, scoring, interpretation, 
report writing, and provision of feedback to clients.  
• Supervision: Supervision included reviewing cases, joint determination of assessment battery and 
interpretation of results, report revisions, and discussion of feedback. 
 
Clinical Graduate Assistant Position 
 
Disability Resource Center (DRC) Graduate Assistant August 2017 – May 2018 
University of Nevada Las Vegas Supervisor: 
 Michelle G. Paul, Ph.D. 
 
• Clinical Experience: Completed intake interviews, psychoeducational evaluations, reports, and 
feedback with students at UNLV seeking accommodations through the DRC. Typical assessment 
batteries included measures assessing intelligence, cognitive domains, academic performance, 
personality, and psychological functioning.  
• Consultation Experience: Attended bi-weekly DRC team meetings during which clients both 
from our service and from outside referral sources seeking accommodations were reviewed. 
Decisions were made regarding allocation of accommodations, and the need for further testing or 
diagnostic clarification, or potential referrals for treatment.  
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• Supervision: Formal supervision occurred weekly on a 1:1 or 2:1 group basis. Additional 
supervision occurred and as needed to address clinical needs of clients. Cases were presented and 





National Academy of Neuropsychology, Student Affiliate 2012–Present 
American Psychological Association, Student Affiliate 2013–Present 




OTHER RELEVANT WORK AND TRAINING EXPERIENCE 
 
Comprehensive Dialectical Behavior Therapy (DBT) Parts 1 and 2 February and April 2015 
Nevada Psychological Association   Training Supervisor: Alan Fruzzetti, Ph.D.  
 
Two comprehensive 4-day training sessions focusing on understanding and application of the 
fundamentals of DBT and extending these fundamentals into best standards of practice. The first session 
focused on fundamental knowledge of the DBT framework, practicing DBT skills and skills training, and 
generalizing DBT theory and skills to the real world for clients. The second session focused on extending 
these skills and foundational knowledge to practice with diverse patient populations. Activities across the 
8 days of seminar included didactic training, demonstration, and supervised practice of the presented 
material.  
 
Symptom Ratings Training Summer 2013 & Summer 2016 
University of Nevada, Las Vegas Training Supervisor:  Daniel N. Allen, Ph.D. 
 
Received training in common psychiatric symptom ratings used frequently by the Neuropsychology 
Research Program. Training consisted of education about specific symptom domains addressed by each 
measure, method of assessing these symptoms, and specific procedures to improve inter-rater reliability 
among lab members. Mock interviews were conducted, and item-level data were recorded by the research 
team for each interview. These data were analyzed to assure continued reliability. Differences in ratings 
were discussed on the item level among lab members. Measures included the Scale for the Assessment of 
Negative Symptoms (SANS), Scale for the Assessment of Positive Symptoms (SAPS), Brief Psychiatric 
Rating Scale (BPRS), Brief Negative Symptoms Scale (BNSS), Hamilton Depression Rating Scale 
(HDRS), and Young Mania Rating Scale (YMRS). 
 
SCID Training Program Fall 2012 
University of Nevada, Las Vegas Training Supervisor:  Daniel N. Allen, Ph.D. 
 
Completed a training program over three months (40 hours total) for administration of the Structured 
Clinical Interview of the DSM-IV-TR Axis I Disorders (SCID). Completed follow-up training through the 
Neuropsychology Research Program lab in order to maintain high inter-rater reliability for the ongoing use 








University of Nevada, Las Vegas 
 
• Contracted by the university to design and teach a total of 12 courses for the Psychology 
department between Fall 2014 and Spring 2017.  
• I taught two sections of undergraduate introduction to psychology (PSY 101) courses per 
semester from Fall semester 2014 – Fall 2015. I was given the opportunity to develop and 
teach an online Abnormal Psychology (PSY 341) course from an existing rubric in the 
Spring of 2016 and transitioned this course into a lecture-based Abnormal Psychology 








AWARDS AND HONORS 
 
 
UNLV Graduate College Summer Doctoral Research Fellowship ($7,000.00) 2017 
 
UNLV Department of Psychology Summer Research Stipend ($3,000.00) 2017 
 
UNLV College of Liberal Arts Ph.D. Student Summer Faculty Research Stipend 2016 
($3,000.00) 
 
UNLV Summer Session Scholarship ($2,000.00) 2016 
 
UNLV Graduate and Professional Student Association Travel Award ($750.00) 2016 
 
UNLV Graduate and Professional Student Association Travel Award ($650.00) 2014 
 
UNLV Graduate and Professional Student Association Research Grant ($405.00) 2013   
 
UNLV Graduate and Professional Student Association Research Grant ($765) 2012 
 
National Academy of Neuropsychology Student Poster Award ($100) 2012 
 
Hood College Faculty Book Award for Exceptional Achievement in  2012 
Psychology  
 




Dean’s Scholarship: Hood College ($12,000.00 annually) 2008-2011 
 
Trustee Scholarship: Hood College ($14,000.00) 2007 
 
